a2 United States Patent

US009461838B2

10) Patent No.: US 9,461,838 B2

Nakamura et al. 45) Date of Patent: *Oct. 4, 2016
(54) COMMUNICATION MANAGEMENT (56) References Cited
APPARATUS, COMMUNICATION
APPARATUS, AND COMMUNICATION U.S. PATENT DOCUMENTS
METHOD 4,829,578 A 5/1989 Roberts
(71) Applicant: Mitsubishi Electric Corporation, 5,613,073 A 3/1997 Hammond, Jr. et al.
Chiyoda-ku, Tokyo (JP) (Continued)
(72) Inventors: Masato Nakamura, Tokyo (JP);
Hisafumi Koumoto, Tokyo (JP) FOREIGN PATENT DOCUMENTS
(73) Assignee: Mitsubishi Electric Corporation, DE 112008003889 TS 6/2011
Tokyo (IP) Jp 01099344 A 4/1989
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. OTHER PUBLICATIONS
This patent is subject to a terminal dis- Communication dated Mar. 23, 2015 from the United States Patent
claimer. and Trademark Office in counterpart U.S. Appl. No. 13/325,125.
(21) Appl. No.: 14/882,157 (Continued)
(22)  Filed: Oct. 13, 2015 Primary Examiner — Yee Lam
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Sughrue Mion, PLLC
US 2016/0036729 Al Feb. 4, 2016 1)) ABSTRACT
L A communication management apparatus includes a token-
Related U.S. Application Data circulation-order-information storing unit that stores token
(63) Continuation of application No. 13/142,239, filed as circulation order, a token-frame processing unit that deter-
application No. PCT/IP2008/073639 ,on bec. 25 mines whether transmission right acquiring apparatus infor-
2008. now Pat. No. 9.184.933 ’ mation of the token frame indicates the own apparatus and
’ o mmm e transmits a token frame in which first transmission right
(51) Int. Cl acquisition determination information indicating a sequence
H0;IL 1 2433 (2006.01) number of a communication apparatus that can acquire a
HO4L 12/417 (2006.01) transmission right in the token circulation order, second
transmission right acquisition determination information
. . . ight acquisition d nation inf .
(Continued) indicating the number of frames that can be transmitted
uring one token frame circulation, and transmission right
(52) US.CL during ken frame circulation, and ission righ
CPC HO4L 12/433 (2013.01); HO4L 12/403 acquiring apparatus information indicating the next trans-
"""" (2013 01); HOAL 12/41'7 (2613 01); HO4L mission destination of the token frame after the own appa-
492 5 (2(’)13 01); HO4L 49/35 1 (2(’)13 o1) ratus acquired from the token circulation order are set, and
. . SRS ’ a data-frame-communication processing unit that transmits
(58) Field of Classification Search and receives the data frame, thereby to reduce time required

CPC ..... HO4L 12/433; HO4L 47/39; HO4L 47/36;
HO4L 47/10; HO4L 12/4637; HO4L 12/403;
HO4L 12/417; HO4L 49/351; HO4L 49/25

See application file for complete search history.

until a communication node that acquired the token frame
transmits data.

9 Claims, 34 Drawing Sheets

§A

MASTER STATION A

§101

SWITCHING HUB

gB
SLAVE STATION B

<C
SLAVE STATION C




US 9,461,838 B2

Page 2
(51) Int. CL Jp 10135992 A 5/1998
HO04L 12/403 (2006.01) TP 11032065 A 2/1999
HO4L 12/947 (2013.01) et 11-088392 A~ 3/1999
HO4L 12931 2013.01 JP 11-234310 A 8/1999
( : ) JP 11-234313 A 8/1999
. JP 2002-281052 A 9/2002
(56) References Cited Ip 3487324 B2 1/2004
™ 200803305 6/2006
U.S. PATENT DOCUMENTS
5802263 A *  9/1998 Dittmar ............. HOAL 12/437 OTHER PUBLICATIONS
714/4.5
6,104,714 A 8/2000 Baudelot et al. German Office Action corresponding to German Patent Application
6,460,101 B1 10/2002  Arimilli et al. No. 11 2008 004 203.9, dated Apr. 29, 2014.
6,529,945 Bl 3/2003 Calhoun et al. German Office Action issued May 2, 2014 in German Patent
6,714,541 Bl 3/2004 Iyer et al. Application No. 11 2008 004268.3.
7,274,660 B2 9/2007 Hill et al. 3 decisi £ tent t iled J 3. 2013 i qi
8213455 B2 72012 Nakamura apanese decision of a patent grant mailed Jan. 8, issued in
8,452,843 B2 5/2013 Yabusaki et al. Japanese Appllcatlon No. 2010-543686.

2002/0087716 Al
2002/0181505 Al
2003/0041164 Al
2003/0061389 Al
2003/0165130 Al
2005/0135284 Al
2007/0268913 Al
2009/0010161 Al
2009/0041057 Al
2009/0097419 Al
2010/0214962 Al
2010/0217791 Al
2011/0093559 Al

7/2002 Mustafa

12/2002 Denecheau
2/2003 Denecheau et al.
3/2003 Mazza
9/2003 Wodzianek et al.
6/2005 Nanda et al.

11/2007 Denecheau et al.
1/2009 Zhang et al.
2/2009 Dickens et al.
4/2009 Nakamura
8/2010 Nakamura
8/2010 Nakamura
4/2011 Yabusaki et al.

FOREIGN PATENT DOCUMENTS

JP 05344135 A
JP 09252312 A

12/1993
9/1997

Japanese Decision of a Patent Granted mailed Feb. 5, 2013, issued
in Japanese Patent Application No. 2011-128274.

Taiwanese Office Action in Taiwanese Application No. 098102775
dated Dec. 18, 2012.

Taiwanese Office Action, mailed Dec. 13, 2013, Application No.
101102132.

United States Patent and Trademark Office, “Advisory Action,”
issued in connection with U.S. Appl. No. 13/325,125, dated Jan. 2,
2015.

United States Patent and Trademark Office, “Final Office Action,”
issued in connection with U.S. Appl. No. 13/325,125, dated Sep. 5,
2014.

United States Patent and Trademark Office, “Non-Final Office
Action,” issued in connection with U.S. Appl. No. 13/325,125,
dated Mar. 27, 2014.

* cited by examiner



U.S. Patent Oct. 4, 2016

FIG.1

SA

MASTER STATION A

Sheet 1 of 34 US 9,461,838 B2

§101

SWITCHING HUB

g/\gc

SLAVE STATION B

SLAVE STATION C




U.S. Patent Oct. 4, 2016 Sheet 2 of 34

US 9,461,838 B2

CONFIGURING UNIT

MASTER STATION <30
ARITHMETIC PROCESSING
UNIT
(20
COMMUNICATION PROCESSING UNIT
<21 (23
LOGICAL-RING TOKEN-FRAME

PROCESSING UNIT

(22

<24

TOKEN-CIRCULATION-
ORDER-INFORMATION
STORING UNIT

DATA-FRAME-
COMMUNICATION
PROCESSING UNIT

<25

<26

TRANSMISSION BUFFER

RECEPTION BUFFER

¢11-1 J (112
FIRST PORT SECOND PORT
SLAVE STATION
(60
COMMUNICATION PROCESSING UNIT
<81
TOKEN-CIRCULATION-
DESTINATION-INFORMATION 63
STORING UNIT SATAFRAME.
(62 COMMUNICATION
TOREN-ERAME PROCESSING UNIT
PROCESSING UNIT
§64 865
TRANSMISSION BUFFER RECEPTION BUFFER
¢51-1 ¢51-2
FIRST PORT SECOND PORT




US 9,461,838 B2

Sheet 3 of 34

Oct. 4, 2016

U.S. Patent

112 0z 802 802 102 902 502 €0z 202 102
NOILYWHOANI
zo_%%_wq_mwmw STAVA  [3MWANOLLYLS| yminnoo | SNLVAYdY (uoxol)
0 SANG | Tavawi LNSNvdLl O3LLINNEA | |\ 2350 sy [ ONRINOOY NOILYWXOANI
S04 TEVLLNONVAL ™ 40 uISNON | NOISSINSNYL LHOM 2daL IRV |edR | vs | va
NOISSINSNYY.L
viva
$0Z°

00z

¢ Old




US 9,461,838 B2

Sheet 4 of 34

Oct. 4, 2016

U.S. Patent

BUON BuON QUON Y uollEls Jaisew 6-L 'Did 6
Gl BUON G14 pue g4 0 UOKEIS BABIS 8/ i g
1 pue pL4pUB LS .
¢ ¢ . ‘ ' 18]S SAl -
g14214 114 SLON Zld'lig g | BuoEseEs L4704 L
014 pue gd BUON 0Ld pue 64 v UCHEILS Jeisew 9-/ "9id 9
BUON 8UON 044 pue 64 v UoHEIs Jelsew 52 Old 5
84 SUON 84 2 UoyES aARlS v29I4 v
e 24 /4 pue 94 g uone)s ane|s €294 €
BUON SUON BUON V UCIES SISl 2z Ol z
G4 pue ‘o R
3uo: : B f Uonels lsewd -
BUON N 6424 14 Y UONE]S 8 1=/ "9id l
ONILLIS .0, STNVHS 1HOM
NOLLAIDTH
NIMOL LSV 40 w.%,mwmxmu‘mmok JNYHS DNILIVM m_m_kwom_u_@ﬁw% JHNOI d3is
AL IHL LV STNVES NOISSINSNVHL Q3LVIDOSSY | NOLVIINNWNOD
e | ANLLIHL 1Y STV 1VHL 300N
Q3 LLINSNYHL-NA NOILYOINOINNOD

v "Old




U.S. Patent Oct. 4, 2016 Sheet 5 of 34 US 9,461,838 B2

FIG.5-1

C START )
K7

| RECEIVE TOKEN FRAME 511

DOES
TRANSMISSION RIGHT

ACQUIRING APPARATUS NO

INFORMATION INDICATE K (S13
OWN STATION? [ TRANSFER TOKEN FRAME )
¥
( END )
S14
VALUE OF
TOKEN REPEAT COUNTER = NO
TRANSMISSION PERMITTED
STATION VALUE? é
- (525

NUMBER OF

SET, IN FRAME THAT WAS NOT ABLE TO
TRANSMITTA()B;.E FRAMES >

BE TRANSMITTED, UN-TRANSMITTED
FRAME FLAG AT THE TIME OF
LAST TOKEN RECEPTION

8186

NUMBER OF
TRANSMISSION
WAITING FRAMES < NUMBER OF
TRANSMITTABLE
FRAMES?

NO

1 (S31

TRANSMIT TRANSMISSION WAITING
FRAMES OF NUMBER OF TRANSMITTABLE
FRAMES FROM mB%EEE%F TRANSMISSION

ARE
UN-TRANSMITTED
FRAMES AT THE TIME OF
NUMBER OF TRANSMITTABLE
FRAMES "0" SETTING OR
AT THE TIME OF LAST

(S32

YES SET, IN FRAME THAT WAS NOT ABLE TO
‘ BE TRANSMITTED, UN-TRANSMITTED
FRAME FLAG AT THE TIME OF NUMBER OF
TRANSMITTABLE FRAMES "0" SETTING

833
$
I SET NUMBER OF TRANSMITTABLE

z FRAMES TO 0
TRANSMIT ALL TRANSMISSION WAITING T
FRAMES IN TRANSMISSION BUFFER 822

L 4 /
TRANSMIT ONLY UN-TRANSMITTED
FRAMES AT THE TIME OF NUMBER OF
TRANSMITTABLE FRAMES "0" SETTING
AND AT THE TIME OF LAST TOKEN
RECEPTION

3

<
"

Y
SET, IN NUMBER OF TRANSMITTABLE
FRAMES, NUMBER OF TRANSMITTABLE
FRAMES AT THE TIME OF TOKEN FRAME 523
RECEPTION - NUIF\:/‘RBEIGEOF TRANSMITTED

NUMBER OF
TRANSMITI'A(!?%.E FRAMES =

YES

A4




U.S. Patent Oct. 4, 2016 Sheet 6 of 34 US 9,461,838 B2

FIG.5-2

® )
N 834
SET, IN NUMBER-OF-
TRANSMITTABLE-FRAMES "0"
SETTING STATION, VALUE OF TOKEN
REPEAT COUNTER AT THE TIME OF
TOKEN FRAME RECEPTION

»;
<

\ 4
INCREMENT VALUE OF TOKEN S41
REPEAT COUNTER BY ONE

Y.

SET TOKEN CIRCULATION
DESTINATION INFORMATION IN S42
TRANSMISSION RIGHT ACQUIRING
APPARATUS INFORMATION

v
[ TRANSMIT TOKEN FRAME fs4s
A 4
( Eexo )




U.S. Patent Oct. 4, 2016 Sheet 7 of 34 US 9,461,838 B2

( stmART )
v
RECEIVE TOKEN FRAME s

®]
TRANSMISSION RIGHT
ACQUIRING APPARATUS

INFORMATION INDICATE ¥ ¢S73
QWN STATION?Z [ TRANSFER TOKEN FRAME 1
R 2
( EnD )
NUMBER OF
TRANSMITTABLE YES
FRAMES = 07
¥ NO (ST75 i (S81
TRANSMIT FRAME IN TRANSMISSION SET NUMBER OF TRANSMITTABLE FRAMES
BUFFER TO VALUE SET IN ADVANCE
T = , -
SET, IN NUMBER OF TRANSMITTABLE '
AR O T ArBE SET VALUE OF TOKEN REPEAT COUNTER I
OBTAINED BY SUBTRACTING NUMBER OF
TRANSMITTED FRAMES FROM NUMBER OF -
TRANSMITTABLE FRAMES SET IN ADVANCE v (583
7 3 SET, IN TRANSMISSION PERMITTED
¢ STATION VALUE, VALUE OF NUMBER-OF-
SET VALUE OF TOKEN REPEAT COUNTER TRANSMITTABLE-FRAMES "0" SETTING
TO 1 STATION OF TOKEN FRAME AT THE TIME
OF RECEPTION
v (S78
SET TRANSMISSION PERMITTED STATION
VALUE TO 0

h 4
SET, IN TRANSMISSION RIGHT ACQUIRING
APPARATUS INFORMATION, SLAVE
STATION THAT OBTAINS TRANSMISSION so1
RIGHT AFTER OWN STATION ACQUIRED
FROM TOKEN CIRCULATION ORDER
INFORMATION

v

[ TRANSMIT TOKEN FRAME s92

T
C END )




U.S. Patent

Oct. 4, 2016 Sheet 8 of 34
FIG.7-1
ENTRY
TRANSMISSION F1,F2, F3, F4,F5
FRAME

TRANSMISSION
WAITING FRAME

F1,F2,F3,F4,F5

US 9,461,838 B2

sB

NUMBER OF
TRANSMITTABLE 6
FRAMES
§A
MASTER STATION A I
§101

SWITCHING HUB ]

SLAVE STATION B

sC

SLAVE STATIONC

ENTRY ENTRY
TRANSMISSION F6,F7 TRANSMISSION F8
FRAME FRAME
TRANSMISSION TRANSMISSION
F6, F7 WAITING FRAME F8

WAITING FRAME

NUMBER OF NUMBER OF
TRANSMITTABLE TRANSMITTABLE
FRAMES FRAMES




US 9,461,838 B2

Sheet 9 of 34

Oct. 4, 2016

U.S. Patent

SELREE RETNRE
I19Y.LLINSNYHL T1aVLLINSNVYL
40 ¥3EWNN 40 HIENNN
o1 SNVad ONILIVA Yy SAVES ONILIVA
NOISSINSNYL NOISSINSNYL
ETE] ETEE
NOISSINSNYHL NOISSINSNYML
AHINT AYLNT
O NOLLVLS FAVIS | €rmmemmmmmmeanennee g NOLLYLS 3AYTS
9 g
! 14
gNH DNIHOLIMS
ER
) 0 [NOLLYLS a3LLINyAd
g4 NOISSINSNYY.L
A . UALNNOD
¥ NOLLYLS ¥3LSYW ooz~ 1 b vaaa NSoL
v
STNVYS
L—g J1GVLLINSNVYL
40 4IENNN
SNV ONILIVA
NOISSINSNYL
ETE]
NOISSIWSNYL
AMINT

¢-L9ld




US 9,461,838 B2

Sheet 10 of 34

Oct. 4, 2016

U.S. Patent

o-b | FIRVILINSNvAL
o
NOILVLS
318V, ONILLIS ,0, STNVE
SNV J0-MIINNN IIGVLLINSNVYL
TIBVLLINSNVAL VA 24 40 M3IEANN 40
40 HIGNNN 0 |NOILYLS Q3LLiANEd IALL SHL LY JNVA
NOISSINSNYAL GALLINSNYHL-NA
57V ONILIVM SAVE3 ONILIVIA
8 NOISSINSNVL 2 | oo, £ NOISSINSNVA L
IV ETIEH
NOISSINSNYL NOISSINSNYL
AMINT o4 [| L |~ooz AUINT
O NOILYLS IAYTS | < & NOILYLS 3AVS
o’ 8>
"__ A
8NH ONIHOLIMS
1oL ’
¥ NOLLYLS ¥3LSVI | -
v
SINvEd
T1aYLLINSNYAL
40 YIIWNN
SV ONILIVA
NOISSINSNYL
TR
NOISSINSNYYL
INTRE

€-L9ld




US 9,461,838 B2

Sheet 11 of 34

Oct. 4, 2016

U.S. Patent

¥-L'9Old

STWVHA
SANVES T19VLLINSNYHL
0 T1aVLLINSNYYL 40 MIANNN
-0 Y3FNNN
ONILLIS 0. STNVH
NOILdIDTY F19YLLINSNYHL
84 NIOL LSY140 14 40 ¥3gWNN 40
INIL IHL LY TNV JNIL IHL LY TNV
QILLINSNYML-NN Q31 LINSNYYL-NN
o4 SNV ONILIYM ¥ ANvE ONILIVM
NOISSINSNYL NOISSINSNY.L
EITLE| EVEE]
NOISSINSNYYL NOISSIWSNVHL
AHLNT AYINT
3~d O NOIVLIS IAVIS | €---mmmmmmmmcooencnes g NOILYLS JAVIS
NOILYLS g’
ONILLIS .0, SANYYA
-I18VLLINSNYHL
-40-HAGNNN
JMIVA anH ONIHOLIMS
NOILYLS a3 LLINY3d
NOISSINSNYL Lol
H¥3INNOD
1V3d3d NHOL ¥ NOILVLS ¥aLsYA |
00z~ L ny
SINYHA
19V LINSNYHL
40 HIGWNN
ANYEH ONILIYM
NOISSINSNYYL
ENTE]
NOISSINSNYYL
AMINT




US 9,461,838 B2

Sheet 12 of 34

Oct. 4, 2016

U.S. Patent

G-/ Ol

FEINRE]
TIEVLLINSNYYL
40 YIEWNN
e_,m_b:mwmh_o_. S3 /ﬁ_ém
SAWvYA ul INSNVY.L
4 40 ¥3GWNN 40
0 TgNLLIACHYL JNIL IHL LY AV
Q3LLIWSNVSL-NN
_ JNVEd ONILIVA PR INvad ONILIVAA
§id 84 NOISSINSNY¥.L Pid €l Thd M 4 | NoissinsNvyL
ETCCE] ETITRE]
gl4 NOISSINSNYXL phd ‘ebd Zhd ‘L1 NOISSINSNYYL
ANIND AHLNT
3~4 D NOILVLS IAVIS | €rereeremmmmeeee 8 NOILVLS 3AV1S
NOILYLS 8
. |oNiLLEs .0, SNV A
-S19vLLINSNYYL ;
~4O-4IENNN ;
ANTVA anH ONIHOLIMS
0 [NOILYLS Q3 LLINY3
NOISSIASNYYL LoL)
¢ ¥ILINNOD
LVIAdTA NDIOL ¥ NOILYLS ¥3iSYW | -
002~ 1 V2
SANVES
JIAVLLINSNYYL
40 Y3EWNN
: SNVYd ONILIYM
014 64 NOISSINSNVXL
ET ]
oL ‘64 NOISSINSNYHL
AHINT




US 9,461,838 B2

Sheet 13 of 34

Oct. 4, 2016

U.S. Patent

SNV
SaNvad T1AYLLINSNVL
I1EYLLINSNYL 10 MIAWNNN
40 MIFWON
ONILLIS 0 SANVNA
NOILd30Td 378YLLINSNVYL
o148 NINOL 1SV 40 24 40 ¥IANNN 40
JWIL FHL LV FAVS INIL THL LV TNV
A3LLINSNYYL-NN QALLINSNYSL-NA
3NV ONLLIVA T WV ONILIVAA
8 NOISSINSNVL pid €ld eld 1d M | NoissimgNwL
ANV ETCRE
NOISSINSNYL NOISSINSNVL
ANLINI ANINT
o TN AT T 2 T e — 8 NOILYLS IAVIS
59 . g)
4 3MVA
8NH ONIHOLIMS b NORLYAS Sl Ridd
o1 . YAINNOD
.. LvIdIy NIYOL
* | v NolLyLs waLsym
00z~ 1
yv?
SNV
9 F1VLLINSNVYL
40 HFFWNN
_ TAVed ONILIVA
014 64 NOISSINSNY L
ANV
NOISSINSNY.L
AMINT

9-L9l4




US 9,461,838 B2

Sheet 14 of 34

Oct. 4, 2016

U.S. Patent

CETTE]
=1aV.LLINSNYL
40 ¥3FANN
ONILLIS .0, STV
SINvVEL , \ ) F18VLLINSNYYL
30 SS9NNN NOILVLS QL LIAN3d SWLL 3HL LV IV
NOISSINSNYY.L Q3 LLINSNVHLNA
51484 FvH ONLLIVAA ¥3INNOD pla'eld ghd‘tig | Gaved SN
S 1V3d3y NIOL e
NOISSINSNYL NOISSINSNY2IL
AMINT 14 [ L L~ooz AYINT
ONOILYIS IAVTS | & NOILYLS 3AVIS
9 a’
m_ A
8NH ONIHOLIMS
oL
V NOLLYLS H3LSVW | -
v
SINVad
IAYLLINSNYYL
40 NIENNN
. TAVEd ONILIVA
0/d 64 NOISSINSNYA.L
INVES
NOISSINSNY2.L
AYINT

L-/'9l4




US 9,461,838 B2

Sheet 15 of 34

Oct. 4, 2016

U.S. Patent

STINVEd
Sanvead T1aVLLINSNVYL
peg T19V.LLINSNYYL 4O HIGWNON
40 ¥IGNNN
ONILLIS .0, STV
NOILd=03 e J78VLLINSNYYL
ol NIMOL LSV 40 pLd'eld ‘2hd ‘b1 40 MIAWAN 40
JNIL IHL LV TNV JNIL FHL LV IAVAA
Q3 LLIASNVEL-NN G3LLINSNYHL-NN
NV ONILIVAL . TNYei ONILIVAA
§id NOISSINSNYL P Eld 2ld 14 NOISSINSNY¥L
eI NV
NOISSINSNVL NOISSINSNWL
INE ANLNG
R R T L [ T ———— g NOILYLS JAVIS
09 g
aNTA A
L |NolLvLS aaliimyad :
NOISSINSNYYL ;
- ILNM0D anH ONIHOLIMS
1v3day N3YOL T
Lol \
00z~ L v NOILVLS ¥aLsww | -
84 v
SaNvad
T1aV.LLINSNYYL
JO N3ANNN
: TNV ONILIVM
0id 84 NOISSINSNV¥L
ETRE
NOISSINSNVL
ANING

8-/ 9l




US 9,461,838 B2

Sheet 16 of 34

Oct. 4, 2016

U.S. Patent

SNV
RN T1EVLLINSNVML
319V LLINSNVYL 40 H3IGNNN
40 ¥3FNNN
ONILLIS .0, SaNva
IPEREN] o I1EV.LLINSNVL
Gig NIIOL LSV 40 phd'eld zid bid 40 HIEWNN 40
ANIL FHL LY AV WL FHL LY AV
QALLINSNVEL-NN Q3LLINSNVHL-NN
AV ONILIVAA T TNV ONILIVAL
sld NOISSINSNYL pid€ld 2id hid NOISSINSNW.L
ETITRY] ETRE]
NOISSINSNY¥L NOISSINSNY.L
AMLNT AMLINT
I NOILYLS IAVTS | €--mmmermmmmemmmmneas g NOILYLS JAYTS
a9 _ gd
| = 0 zo_hﬁwﬁ_w D ¥3d
LLINNS
81H ONIHOLIMS oL NOISSINSNYYH.L
Lok ' H3INNOD
00z~ 1 1¥3d3Y N0
* [ vNolLvis yatsvi
¥
SNV
9 I1EV.LLINSNYYL
40 YIBWNN
TNV ONILIVA
NOISSINSNY.L
ETTRE
NOISSINSNYRL
AMING

6-.9ld




Sheet 17 of 34

US 9,461,838 B2

FIG.8

U.S. Patent Oct. 4, 2016
( SsTART )
v

.

TRANSMISSION RIGHT
ACQUIRING APPARATUS

RECEIVE TOKEN FRAME FS101

NO

INFORMATION INDICATE v (S103
QWN STATION? { TRANSFER TOKEN FRAME
C END )
NUMBER OF VES
TRANSMITTABLE
FRAMES = 07
JNO (S105 J (5121

ACQUIRE NUMBER OF FRAMES THAT CAN
BE STORED IN RECEPTION BUFFER

ACQUIRE NUMBER OF FRAMES THAT CAH

¢ (5106

J, (S122

SET, AS NUMBER OF TRANSMITTABLE
FRAMES, NUMBER OF FRAMES THAT CAN
BE STORED IN RECEPTION BUFFER

SET, AS NUMBER OF TRANSMITTABLE
FRAMES, NUMBER OF FRAMES THAT CAN

BE STORED IN RECEPTICON BUFFER
BE STORED IN RECEPTION BUFFER I

Y (8107 v (5123
TRANSMIT FRAME IN TRANSMISSION SET VALUE OF TOKEN REPEAT COUNTER
BUFFER TO 1
— U MR
v (5108 ¥ (8124

SET, AS NUMBER OF TRANSMITTABLE
FRAMES OF TOKEN FRAME, VALUE
OBTAINED BY SUBTRACTING NUMBER OF
TRANSMITTED FRAMES FROM NUMBER OF
TRANSMITTABLE FRAMES

(S109

SET, IN TRANSMISSION PERMITTED
STATION VALUE, VALUE OF NUMBER-OF-
TRANSMITTABLE-FRAMES "0" SETTING
STATION OF TOKEN FRAME AT THE TIME
OF RECEPTION

SET VALUE OF TOI_(I_EON1REPEAT COUNTER

(5110

SET TRANSMISSION PERMITTED STATION
VALUETO O

<.

Y

SET, IN TRANSMISSION RIGHT ACQUIRING
APPARATUS INFORMATION, SLAVE
STATION THAT OBTAINS TRANSMISSION
RIGHT AFTER OWN STATION ACQUIRED
FROM TOKEN CIRCULATION ORDER
INFORMATION

§125

v

TRANSMIT TOKEN FRAME

Q J

END

l\*S126



US 9,461,838 B2

Sheet 18 of 34

Oct. 4, 2016

U.S. Patent

SaINvd SaInvad
F1avLLINSNYYL T19YLLINSNYHL
JO M3GNNN 40 ¥3GNNN
TWvad ONILIVAA o Ve ONILIVA
NOISSINSNYML 84 vd € 2d 14 NOISSINSNVY.L
ETNRE] — ETTRE]
NOISSINSNYYL G4 'pd 'ed ‘2 1 NOISSINSNYL
INE AMINT
9 NOILYLS IAVIS | < ceeee= | @ NOILYLS FAVIS
99 g’
A
INIVA ;
NOILYLS Q3 LLINY3d /
NOISSINSNYML anH ONIHOLIMS
WAINNOD S
LYId3d NIYOL 1oL
002~ 1 v NOLLYLS ¥aisvw | <
v
R
TGV LLINSNYYL
40 Y3GWNN
3NVed ONILIVA
NOISSINSNW3.L
ANV
NOISSINSNYYL AMINT
SaNVHd 318vSsI00ud
¥314N4 NOLLd303d
40 ¥IANAN

1-6"9I1d




US 9,461,838 B2

Sheet 19 of 34

Oct. 4, 2016

U.S. Patent

STV Sanvad
J1EVLLINSNYYL 19V LLINSNYAL
40 YIGNNN 40 J3GWNN
TV ONILIVA — SV ONILIVA
NOISSINSNV¥.L §4 vd € ed 14 NOISSINSNYY.L
ETTORE eI
NOISSINSNYAL NOISSINSNYL
ALINT e

L e T L S E— 4 NOLLYLS FAVIS
) g’
| ITIVA
NOLLVLS Q3L LINYZd
8NH ONIHOLIMS NOISSINSNYXL
s N3LINNOD
L0 1y3d3d NINOL
* | vNoiLyLs vaisyw 002~
¥
Sanvad
9 T8V LLINSNYL
20 M3GANN
AV ONILIVA
NOISSINSNVLL
IV
NOISSINSNYYL AMLNG
SINYeA 378vSSa00ud
9 43444 NOILd3DY
30 N3GNNN

26Ol




US 9,461,838 B2

Sheet 20 of 34

Oct. 4, 2016

U.S. Patent

€-6'9ld

SANYES K
19V LLINSNVL ETE L9 T1AVLLINSNYHL
40 J38INN 0 |NOILYLS aaLLwNTd 40 H38NNN
JNVE ONILIVM NOISSINSNVHL FAvVES ONILIVM
NOISSINSNYL Z ETeR) NOISSINSNYHL
ETRE LV3dIH NIIOL | ETeE
NOISSINSNVYL NOISSINSNYAL
AMINT b - led || L AYIN3

002°
I NOILYLS 3AVIS | <— g NOILYLS 3AY1S
59 g
m_ A
anH ONIHOLIMS
1oy
V NOILYLS YILSYIW | -
)
SaNvad
F19VLLINSNY¥L
40 Y3AWNN
AV ONILIVA
NOISSINSNY L
INVHA
NOISSINSNYYL AYLNT
SANVH4d 318vSS3008d
b9 ¥344N9 NOLLJ3D3Y
40 H3EWNN




US 9,461,838 B2

Sheet 21 of 34

Oct. 4, 2016

U.S. Patent

SANVHS
FI9YLLINSNYYL
40 ¥39WNN

JAVH: ONLLIVM
NOISSINSNYYHL

ANV
NOISSINSNY¥L
AMINZ

SNV
J19Y.LLINSNVHL
40 ¥IFNNN

VY ONLLIVM
NOISSINSNYH.L

JNVHS
NOISSINSNVL
AYINT

I NOILYLS IAVIS | €---rmmmmmmmmmmmnee 8 NOILYLS 3AVIS
99 g
A
INVA j
NOILYLS a3LLIWNNAd /
NOISSINSNVYL anH ONIHOLIMS
Y3INNOD 7
1v3day NDIOL 1oL
00z~ 1 vNOLLYIS NIIsYw | -
v
SaNvad
F1GVLLINSNYYL
40 ¥IANNN
INYES ONILIVAM
NOISSINSNYYL
e
NOISSIWSNVYL AYLN
SAWvYA 319vSS300ud
) ¥344Nd NOILJADT
40 ¥IFWNN

7-6'9Old




US 9,461,838 B2

Sheet 22 of 34

Oct. 4, 2016

U.S. Patent

SaNvad STV
L T1gV.LLINSNYYL I19V.LLINSNYL
40 ¥IGANN 40 938NNN
— SV ONILIYM 3NV ONILIVAA
6d 84 4 ©d NOISSINSNY3L NOISSINSNyaL
ETTERE] e
64 ‘8424 ‘94 NOISSINSNY¥L NOISSINSNYYL
AMINT AMLNT
INOILYLS FAVIS | €-mmmmemmmememeaev g NOILYLS JAVTS
A
ERZ !
I INOILY.LS G3LLINY3d ;
NOISSINSNVYL anH ONIHOLIMS
A YILNAOD s
LYIdIN NINOL 1oL
002~ L Vv NOLLYAS ¥atsvw | =~
v
ET L]
FTAVLLINSNYYL
40 838NNN
SWveid ONILIVA
NOISSINSNY¥L
INVA
NOISSINSNVR.L AMIN
SNV T18vSSI00Nd
Z—i ¥344NG NOILAIDTY
40 ¥3GNNN

G-6'9I14




US 9,461,838 B2

Sheet 23 of 34

Oct. 4, 2016

U.S. Patent

SEE]
FI9YLLINSNYYL
40 439ANN

CEREERCE

NV ONILIVM
NOISSINSNY.L

NV
NOISSINSNVHL
AYINA

D NOLLYLS IAVIS | <--------

SNV
F19VLLINSNVHL
40 ¥5dANN

IV ONILIYM
NOISSINSNYYL

JAvd
NOISSINSNYY1
AHING

g NOILYLS JAVIS

g’

8NH ONIHOLIMS

1oL

V NOILV1S H3LSYIN

yo

NOILYLS @3L1INH3d
NOISSINSNYHL

ANTVA

1v3dady NIMOL

HILNNOD

002~

S3INVAL
FGYLLIWSNYYL
40 H3IgNNN

dNVYS ONLLIVM
NOISSINSNYYL

ElALE
NOISSINSNYYL AYLINT

SIAVYL 318YSSID0Ud
H34d4Ng NOILdIDF

40 ¥38ANN

9-6'9lI4




US 9,461,838 B2

Sheet 24 of 34

Oct. 4, 2016

U.S. Patent

SRR SRR
J1GVLLINSNVYL —— z T18VLLINSNVYL
40O YIFTNNN o Inowy 2TVA s 40 HATANN

6484 24 '94 JiNvH ONILIVM NOISSINSNYYL TNvad ONILIVAL
NOISSINSNYYL . Y3LNNOD NOISSINSNYAL

TJNVHA LY3d43¥ NIHOL JAVHA
NOISSINSNVXL NOISSINSNY3L

AHLNT 00z~ L A LNT

9 NOILYLS FAVIS | < a NOILYLS JAVIS
99 g’

A
1
]
i
1
]
!
1
]

N 8NH ONIHOLIMS J

“ 101

Y NOILVLS ¥3LSYA

v

SINVHA
F19YLLIASNVYL
40 Jd9INNN

JNVHd ONLLIVM
NOISSINSNYY.L

ELLE!
NOISSINSNVYL AYLNI

S3INVH 318v¥SS3008d
[4 ¥344N49 NOIL4303d
40 J39NNN

/-6'9Old




US 9,461,838 B2

Sheet 25 of 34

Oct. 4, 2016

U.S. Patent

0z SANYYL I19V.LLINSNYHL
40 HIGNNN
ONLLLES .0, STV SaANVHA
. 19V LLINSNYRL 40
64 84 NIENNN 20 JNIL JHL 1Y AT et
ANV AILLINSNYHL-NN
5154 ETIR ] TNV ONILIVA
DNILIVM NOISSINSNYL NOISSINSNYHL
v zo_wm‘\%mnép
NOISSINSNYHL AYLNT LN
O NOILYLS FAVTS | €rmrmemmeememeenncens 8 NOILVLS IAVIS
NOILVLS ONILL3S .0, A
Z 1SINVYITIGYLLINSNYHL !
-40-43GNNN ;
3NVA 8NH ONIHOLIMS
0 | NOILVLS a3LLINYAd /
NOISSINSNVML LoLS /
¢ |MILNNOD LVadIy NIMOL .
¥ NOILYLS ¥atsvw | -~
002~ L <w
SaNvad
L4 T1aYLLINSNYML
40 MAGNNN
& WS ONILIVAA
NOISSINSNVHL
INVYA
NOISSINSNYYL AYLN
SINVIS T18vSSa008d
z ¥34-4N9 NOILJADTY
40 WIANNN

8-6'Old




US 9,461,838 B2

U.S. Patent Oct. 4, 2016 Sheet 26 of 34
FIG.10
MASTER STATION 330
ARITHMETIC PROCESSING
UNIT 20
¢

COMMUNICATION PROCESSING UNIT

§21 §23

LOGICAL-RING
CONFIGURING UNIT

TOKEN-FRAME
PROCESSING UNIT

<22

§24

TOKEN-CIRCULATION-
ORDER-INFORMATION
STORING UNIT

DATA-FRAME-
COMMUNICATION
PROCESSING UNIT

<27

(28

CHANGED-DESTINATION-
INFORMATION-DURING-
PRIORITY-PROCESSING

NUMBER-OF-
TRANSMITTABLE-FRAMES
"0" SETTING-STATION

STORING UNIT

STORING UNIT

<25

<26

TRANSMISSION BUFFER l

RECEPTION BUFFER j

11-1

(112

FIRST PORT

SECOND PORT

FIG.11

COMMUNICATION

STATION NUMBER

SEQUENCE NUMBER (CIRCULATION

NODE NUMBER OF TOKEN FRAME)
MASTER STATION A 1 0
SLAVE STATION B 10 1
SLAVE STATION C 32 2
SLAVE STATION D 7 3
4

SLAVE STATION E 50




U.S. Patent Oct. 4, 2016

Sheet 27 of 34

US 9,461,838 B2

FIG.12-1

(  sTART

D
v

I RECEIVE TOKEN FRAME

TRANSMISSION RIGHT

si151

NO

ACQUIRING APPARATUS 8153
INFORMATION INDICATE v <
OWN STATION? | TRANSFER TOKEN FRAME |
2
S154 D
IS INFORMATION
STORED IN NUMBER-OF- YES
TRANSMITTABLE-FRAMES "0"
SETTING-STATION
STORING UNIT?
NUMBER OF
TRANSMITTABLE YES
FRAMES = 0?
(5156 ¥ (8171
SET NUMBER OF TRANSMITTABLE FRAMES] [SET NUMBER OF TRANSMITTABLE FRAMES
TO VALUE SET IN ADVANCE TO VALUE SET IN ADVANCE
} (8157 ,], (8172
TRANSMIT FRAME IN TRANSMISSION SET VALUE OF TOKEN REPEAT COUNTER
BUFFER TO 1
¥ (8158 ¢ (S173

SET, IN NUMBER OF TRANSMITTABLE
FRAMES OF TOKEN FRAME, VALUE
OBTAINED BY SUBTRACTING NUMBER OF
TRANSMITTED FRAMES FROM NUMBER OF
TRANSMITTABLE FRAMES SET IN ADVANCE

¢ S159
$
SET VALUE OF TOP%_EN REPEAT COUNTER I
0O 1

(S160

SET TRANSMISSION PERMITTED STATION
VALUE TO O

o

TEMPORARILY STORE VALUE OF NUMBER-
OF-TRANSMITTABLE-FRAMES "0" SETTING
STATION OF TOKEN FRAME AT THE TIME
OF RECEPTION IN NUMBER-OF~
TRANSMITTABLE-FRAMES "0" SETTING-
STATION STORING UNIT

13 (S174

SET VALUE OF CHANGED DESTINATION
INFORMATION DURING PRIORITY
PROCESSING IN TRANSMISSION

PERMITTED STATION VALUE

v
SET, IN TRANSMISSION RIGHT ACQUIRING
APPARATUS INFORMATION, SLAVE
STATION THAT OBTAINS TRANSMISSION
RIGHT AFTER OWN STATION ACQUIRED
FROM TOKEN CIRCULATION ORDER
INFORMATION

ﬂ

{ TRANSMIT TOKEN FRAME

)

C END

8175

I\~S176



U.S. Patent Oct. 4, 2016 Sheet 28 of 34 US 9,461,838 B2

FIG.12-2

SET NUMBER OF TRANSMITTABLE FRAMES TO sS181
VALUE SET IN ADVANCE

TRANSMIT FRAME IN TRANSMISSION BUFFER I’L/S182

SET, IN NUMBER OF TRANSMITTABLE FRAMES
OF TOKEN FRAME, VALUE OBTAINED BY
SUBTRACTING NUMBER OF TRANSMITTED 5183
FRAMES FROM NUMBER OF TRANSMITTABLE
FRAMES SET IN ADVANCE

SET VALUE OF TOKEN REPEAT COUNTER TO 1 I/L/S184

SET, IN TRANSMISSION PERMITTED STATION
VALUE, VALUE TEMPORARILY STORED IN
NUMBER-OF-TRANSMITTABLE-FRAMES "0"

SETTING-STATION STORING UNIT

5185

SET, IN TRANSMISSION RIGHT ACQUIRING
APPARATUS INFORMATION, SLAVE STATION
THAT OBTAINS TRANSMISSION RIGHT AFTER
OWN STATION ACQUIRED FROM TOKEN
CIRCULATION ORDER INFORMATION

TRANSMIT TOKEN FRAME I/L/S1 87

END

5186




US 9,461,838 B2

Sheet 29 of 34

Oct. 4, 2016

U.S. Patent

SINYYL ITGVLLINSNVYL
40 "38NNN

Gd 'vd

ONLLLIS 40, SANVHS
J1gVLLINSNVYL 40
H3AWNN 40 3L IHL LY
JAVHA G3LLINSNVYEL-NA

LER

NV
ONLLIVM NOISSINSNYYHL

JNVYA
NOISSINSNYYL AYINT

9~ 9 NOILYLS IAVIS

002~ 1

NOILVLS ONILL3S .0,
SANVUL-IIEVLLINSNYAL £
~340-438NNN

ANTVYA
NOILVLS g3iLINY3d
NOISSINSNVL

YILINNOD LYIdIUNIMOL| | Hd | ¢

a~~ JNOILVLS IAYTS

SNV F18V.LIINSNYL
40 ¥39NNN

FENE|

JWYYS
ONLLIVAM NOISSINSNVL

SNV
NOISSINSNYYL AdLNA

SINVY
FEYLLIANSNYYL
40 J3gNN

FWYH ONLLIYM
NOISSINSNYML

ELNLE!
NOISSINSNVY L
AHLNI

g NOLLYLS JAYIS

gnH ONIHOLIMS

~"101

L-€1 Ol

ettt 3

¥ NOILYLS H3LSYIN

SINYYL AMEVLLINSNYYL
40 H38ANN

AL
ONLLIVM NOISSIASNYHL

AV
NOISSINSNYHL AHINT

S3NVHA
318YSS300ud y3d4dnd
NOLLJ3OTY JO ¥IGANN




US 9,461,838 B2

Sheet 30 of 34

Oct. 4, 2016

U.S. Patent

S3NVHA F19VLLINSNYHL
40 H38ANN

G4 'v4

ONILLES .0. STNVHS
FT19Y.LLINSNYYL 40
dIGNNN 40 INIL 3HL LY
JAVHd A3 LLINSNVYL-NN

Sid 'vld ‘G4 pd

JNVH
ONLLIVM NOISSINSNYHL

ER R

ANV
NOISSINSNVHL AYLNT

37~ O NOLLVLS IAVIS

D e T

d a NOLLVLS 3AV1S

SANVYL 19VLLINSNVHL
40 H38NAN

\ 4

00z~ 1

FERCE|

NOLLdI03 N3MOL 1SV
40 dWIL IHL 1V STAVYL
QILLINSNVYL-NN

NOILVLS
z ONIL13S 40, STNVHL
-J1aVLLINSNYYL
~J40-439INNN

24 'ed

IWvYL
ONLLIVM NOISSINSNYL

INTVA
0 [NOILVLS QalLINYTd
NOISSINSNVAL

AV
NOISSINSNYYL AYLINI

. H3INNOD
1v3d3y NIMOL

SANYHL
I1GVLLNSNVAL
40 ¥3anNN

€14 244’114 ‘014 ‘64 ‘84

JNYHL ONLLIVM
NOISSINSNYYL

o ERAR AR R ERGE - E

EUANASE
NOISSINSNYHL
AHLNT

8 NOILVLS JAVTS

8NH ONIHOLIMS |10}

R LTy TR T o

A ke

¥ NOLLV.LS ¥31SYN

SANVEL 319V.LLINSNYYL
40 H3dWNN

INvYd
ONILIVAM NOISSINSNYY.L

EALE!
NOISSINSNYYL AYINT

¢-¢l Old

S3AYYA
F18vSS3004d ¥3d44nd
NOILd303Y 40 d38INNN




US 9,461,838 B2

Sheet 31 of 34

Oct. 4, 2016

U.S. Patent

SANVYYL F18V.LLINSNVAEL
40 ¥39NNN

G ‘v

ONILL3S 0. STNVEL
AGYLLIASNWYL 0O
HIFGNNN 40 FNIL 3HL LY
JNVH G3LLINSNYHL-NN

R E R E R £

IAVHS
ONLLIVM NOISSINSNV L

AV
NOISSINSNVHL AYLNT

37~ O NOILYLS JAVIS

€

a~J] GNOILYLS 3AVIS

SINVYL JTaVLLINSNVHL
40 438NNN

JERE

NOIL4303d NIMOL LSV
40 FNIL SHL LY STAVHS
J3LLIASNYYHL-NN

24'94

EUAE
ONLLIYM NOISSINSNYL

JINYHA
NOISSINSNYYL AYLNT

SINYHA
A19VLLINSNVYL
40 H38INNN

€14 214114014 ‘64 '8d

JINYHA ONLLIVA
NOISSINSNYHL

JNVd
NOISSINSNYYL
AYLINT

g9 NOILV1S JAYS

aNH ONIHOLIMS

10}

€-€19Old

§

1

3NTYA
L |NOILVYLS Q3 LLINS=d
NOISSINSNYYL

L H3LNNOD
Lv3d3y NIIOL

Y NOILVLS d31SYIN

SANVYL F1GVLLINSNVYL
40 ¥3gNNN

NOILYLS
ONILLIS ,0. SSNVYA
-H19VLLINSNYYL
-40-438NNN

JNvad
ONLLIYM NOISSINSNYH.L

EZE
NOISSINSNVHL AHINT

SANYYA
F18vSSA00Ud y3d-4nd
NOILJ303M 40 HIFGINNN




US 9,461,838 B2

Sheet 32 of 34

Oct. 4, 2016

U.S. Patent

g€

SINVYL ITVLLINSNVYL
40 ¥38WNN

S 'vd

ONLLL3S .0, STNVYH
INGYLLINSNYNL 40
HIGNNN 40 WL FHL 1Y
ANVE4 G3LLINSNYYL-NN

Gl4 ‘P ‘64 b

Bk
ONLLIVAM NOISSINSNW.L

ANV
NOISSINSNVYL AMLINT

3~ O NOILYLS JAVIS

€ ———

/

a~J GNOLLYLS IAVIS

SINVYHL ITEVLLINSNYHL
40 H3™ANN

JERCE!

NOILdA33Y NIMOL 1SV
40 3NWIL IHL LV STNVHS
A3LLIASNVYL-NN

1494

ENVLE]
ONLLIVAA NOISSIWSNYYL

JAVHL
NOISSINSNYHL AYLND

aNTYA
1 |NOILYLS 3LLINY3d
NOISSIASNVL

z H3INNOD
LV3d3y NIYOL

84 o] €1 1

00z

A

7€l 9ld

0+9

SdNvYd
FTAVYLLINSNVAL
40 ¥39WNN

FWYHS ONLLIYAA
NOISSINSNV.L

El LR
NOISSIASNVY.L
AHLNS

g4

g NOLLYLS JAYTS

9NH ONIHOLIMS 101

»

V NOLLVLS HALSYIN

SANVHL 3TGV.LLINSNYYL
40 Y3gNNN

NOILYLS
ONILLAS .0, STNVHS
~J1aVLLIASNYYL
~3d0-H3gINNN

E4=E
ONLLIVM NOISSINSNYML

ElLE]
NOISSINSNYYL AYLNT

SNV
379VSS300Yd ¥344N8
NOLLd3D3Y 40 dIFGNNN




US 9,461,838 B2

Sheet 33 of 34

Oct. 4, 2016

U.S. Patent

SANVYYL 319Y.LLINSNVYL
40 38NN

g4 'v4

ONIL13S .0. SNV
FTGVLLINSNYYL 40
HIAANN 40 FNIL FHE LY
ANvHd AILLIWSNYYL-NN

Sid'pid ‘G4 v

EITV4E
ONLLIVM NOISSINSNYHL

JNV
NOISSINSNYHL AdINT

0~ O NOILYIS IAVTS

PP S

a~J QNOILYLIS 3AVIS

SINVH 19V LLINSNYHL
40 ¥3gNNN

JENCE

NOILJ3D3H N=MOL 1SV
40 3WIL JHL LV STV
Q3 LLINSNVHL-NN

JENE

NS
ONLLIYM NOISSINSNYL

NV
NOISSINSNYL AMINT

SaNVYL
JIAVLLINSNYYL
40 ¥IGNNN

€14°214 ‘114014 '6d '8d

JNYH ONILIVM
NOISSINSNYY.L

INVES
NOISSIASNYL
AYLNd

g 8 NOILYLS JAV1S

e

8NH ONIHOLIMS

= |

00z

§

L

dNTVA
NOISSINSNYHL

¢ |NOILVLS a3LlINYg3d

L H3LNNOD
1Y3d3e NIMOL

G-€19l4

YV NOILV.LS ¥ALSYIA

SANWVYL F1EVLLINSNVYL
40 ¥38NNN

NOILVYLS
ONILLIS .0, SNV
-T1aV.LLINSNVYL
-40-438NNN

ElLE
ONLLIYM NOISSINSNYY.L

3AVHS
NOISSINSNYY.L AHLNZ

SANVYYA
A19vYSS300dd ¥344N9
NOILd333d 40 ¥IFGWNNN




US 9,461,838 B2

Sheet 34 of 34

Oct. 4, 2016

U.S. Patent

q8oz 280g
NOILVIWNHOANI
NOLLVIS ONILAS|  oqpvayg  [EMIVANOLLYASHNTYANOLLYLS|\2 1 Nnoo | Sy | (uesol)
+0u STNY QaLUNNEd | QaLLWeEd
-J18YLLINSNYIL Hmwwm_w_\m‘_m_ﬂnﬁ NOISSINSNVYL |NOISSINSNYL hzmmm_ww ozp,_m__ww_o,q ﬂwﬁﬁmmmu_ iy
$04 o adfy | vs | va
40-d3GNNN aNg 1MVIS NOISHl A
v1va
poz°

002

71Ol




US 9,461,838 B2

1

COMMUNICATION MANAGEMENT
APPARATUS, COMMUNICATION
APPARATUS, AND COMMUNICATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/142,239 filed Jun. 24, 2011, which is a National
Stage of International Application No. PCT/JP2008/073639
filed Dec. 25, 2008, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a communication man-
agement apparatus, a communication apparatus, and a com-
munication method for performing communication using a
token frame among communication nodes connected by an
Ethernet (registered trademark).

BACKGROUND ART

In the past, there is known a method of controlling, in a
local area network in which a plurality of communication
nodes are connected, transmission of data from the commu-
nication nodes using a token passing system for circulating
a token frame that indicates a transmission right (see, for
example, Patent Document 1). In the technology described
in Patent Document 1, an allowed transmission data amount,
which is an amount of data that can be transmitted while the
token frame is circulated in a network once, is set in the
token frame and, when an amount of data that should be
transmitted by a communication node that has acquired the
token frame is equal to or smaller than the allowed trans-
mission data amount set in the token frame, after the data is
transmitted, a token frame in which an amount of data
obtained by subtracting the transmitted amount of data from
the allowed transmission data amount is set as a new allowed
transmission data amount is transmitted to the next commu-
nication node. When the amount of data that should be
transmitted is larger than the allowed transmission data
amount, the communication node transmits a token frame in
which the allowed transmission data amount is set to 0 to the
next node and memorizes that the allowed transmission data
amount is set to 0. Even if communication nodes having
turns of token circulation order after the turn of this com-
munication node acquire the token frame, the communica-
tion nodes cannot transmit data because the allowed trans-
mission data amount is “0”. Thereafter, when a management
station in the network receives the token frame in which the
allowed transmission data amount is set to 0, the manage-
ment station transmits a token frame in which the allowed
transmission data amount is set to “~1”. When the commu-
nication node that sets the allowed transmission data amount
of the token frame received last time to “0” receives the
token frame in which the allowed transmission data amount
is set to “~1”, the communication node obtains a transmis-
sion right of data, sets the allowed transmission data amount
to an initial value, and transmits data that could not be
transmitted last time.

Patent Document 1: Japanese Patent No. 3487324

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

However, in the communication method described in
Patent Document 1, when a communication node that
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acquires a token frame transmits data, the communication
node calculates an amount of data that should be transmitted
and compare the calculated amount of data that should be
transmitted and an allowed transmission data amount
included in the token frame. Therefore, there is a problem in
that time is required until the communication node transmits
the data after acquiring the token frame.

In the method described in Patent Document 1, for
example, a communication node that has received a token
frame for the nth time but could not transmit data because an
amount of data that should be transmitted is larger than the
allowed transmission data amount can surely transmit data
when the communication node acquires the token frame next
for the (n+1)th time. However, after the reception of the nth
token frame, when data that should be transmitted to this
communication node is added anew while the token frame is
circulated once, when the communication node acquires the
token frame for the (n+1)th time, an amount of data obtained
by adding the amount of the added data to an amount of data
that should have been transmitted when the token frame has
received for the nth time is transmitted. Therefore, there is
also a problem in that, for example, when a communication
node located on a downstream side of the communication
node stores the data that should be transmitted when the
token frame is received for the nth time, deviation occurs in
time order of data that should be transmitted. As a result, the
data cannot be transmitted among communication nodes on
schedule subjected to transmission entry.

The present invention has been devised in view of the
above and it is an object of the present invention to obtain,
in a communication system that circulates a token frame in
a network and performs communication, a communication
management apparatus, a communication apparatus, and a
communication method that can reduce, compared with the
past, time required until a communication node transmits
data after acquiring a token frame. It is also an object of the
present invention to obtain a communication management
apparatus, a communication apparatus, and a communica-
tion method that can transmit, generally in order of genera-
tion of data, the data transmitted by communication nodes
included in the communication system.

Means for Solving Problem

In order to solve the aforementioned problems, a com-
munication management apparatus that manages transmis-
sion of data in a network in which one communication
management apparatus and one or more communication
apparatuses are connected by an Ethernet (registered trade-
mark) cable according to one aspect of the present invention
is constructed in such a manner as to include: a token-
circulation-order storing unit that stores token circulation
order for circulating a token frame in the network; a token-
frame receiving unit that determines whether transmission
right acquiring apparatus information for acquiring a trans-
mission right next in the received token frame indicates the
own apparatus; a token-frame transmitting unit that trans-
mits the token frame in which first transmission right
acquisition determination information indicating a sequence
number of a communication apparatus that can acquire the
transmission right in the token circulation order, second
transmission right acquisition determination information
indicating a number of frames that can be transmitted while
the token frame circulates once from the own apparatus, and
transmission right acquiring apparatus information that indi-
cates a next transmission destination of the token frame after
the own apparatus acquired from the token circulation order
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are set; and a data-frame-communication processing unit
that performs reception processing for data frames from
other communication nodes and, when the transmission
right is acquired, converts data into a data frame in frame
unit and transmits the data frame.

Effect of the Invention

According to the present invention, when a communica-
tion node in a communication system transmits data, the
communication management apparatus performs first deter-
mination for determining, according to first transmission
right acquisition determination information, whether the
communication node is a communication node that can
transmit data and, when the communication node can trans-
mit data, causes the communication node to transmit data
within a range of the number of frames of second transmis-
sion right acquisition determination information. As a result,
communication nodes only have to transmit, in frame unit,
data accumulated in transmission buffers. Therefore, there is
an effect that it is unnecessary to calculate an amount of data
that can be transmitted and it is possible to reduce, compared
with the past, time required until a communication node
transmits data after acquiring the token frame. There is also
an effect that, because transmission is carried out in trans-
mission entry order, it is easy to perform feedback control
used in a control apparatus.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of an example of the
configuration of a communication system according to a first
embodiment of the present invention.

FIG. 2-1 is a schematic block diagram of a functional
configuration of a master station.

FIG. 2-2 is a schematic block diagram of a functional
configuration of a slave station.

FIG. 3 is a diagram of an example of a format of a token
frame used in the first embodiment.

FIG. 4 is a schematic diagram of an example of a storage
state of data in a transmission buffer.

FIG. 5-1 is a flowchart for explaining an example of
transmission processing at the time of reception of the token
frame in the slave station (first).

FIG. 5-2 is a flowchart for explaining the example of the
transmission processing at the time of reception of the token
frame in the slave station (second).

FIG. 6 is a flowchart for explaining an example of
processing at the time of reception of the token frame in the
master station.

FIG. 7-1 is a schematic diagram for explaining an
example of a communication method employing the token
frame according to the first embodiment (first).

FIG. 7-2 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (second).

FIG. 7-3 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (third).

FIG. 7-4 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (fourth).

FIG. 7-5 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (fifth).
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FIG. 7-6 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (sixth).

FIG. 7-7 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (seventh).

FIG. 7-8 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (eighth).

FIG. 7-9 is a schematic diagram for explaining the
example of the communication method employing the token
frame according to the first embodiment (ninth).

FIG. 8 is a flowchart for explaining an example of
processing at the time of reception of a token frame by a
master station.

FIG. 9-1 is a schematic diagram for explaining an
example of a procedure of a communication method
employing the token frame according to a second embodi-
ment (first).

FIG. 9-2 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (second).

FIG. 9-3 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (third).

FIG. 9-4 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (fourth).

FIG. 9-5 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (fifth).

FIG. 9-6 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (sixth).

FIG. 9-7 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (seventh).

FIG. 9-8 is a schematic diagram for explaining the
example of the procedure of the communication method
employing the token frame according to the second embodi-
ment (eighth).

FIG. 10 is a schematic block diagram of a functional
configuration of a master station according to a third
embodiment.

FIG. 11 is a schematic diagram for explaining a relation
among station numbers, sequence numbers, and priority
levels of communication nodes included in a communication
system.

FIG. 12-1 is a flowchart for explaining an example of a
token frame processing procedure of the master station
according to the third embodiment (first).

FIG. 12-2 is a flowchart for explaining the example of the
token frame processing procedure of the master station
according to the third embodiment (second).

FIG. 13-1 is a schematic diagram for explaining an
example of token frame transmission processing according
to the third embodiment (first).

FIG. 13-2 is a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (second).
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FIG. 13-3 is a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (third).

FIG. 134 is a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (fourth).

FIG. 13-5 is a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (fifth).

FIG. 14 is a diagram of an example of a format of a token
frame used in a fourth embodiment.

EXPLANATIONS OF LETTERS OR NUMERALS

11-1, 11-2, 51-1, 51-2 Ports

20, 60 Communication processing units

21 Logical-ring configuring unit

22 Token-circulation-order-information storing unit

23, 62 Token-frame processing units

24, 63 Data-frame-communication processing units

25, 64 Transmission buffers

26, 65 Reception buffers

27 Changed-destination-information-during-priority-pro-
cessing storing unit

28 Number-of-transmittable-frames “0” setting-station
storing unit

30 Arithmetic processing unit

61 Token-circulation-destination-information storing unit

101 Switching hub

200 Token frame

201 Destination address (DA)

202 Transmission source address (SA)

203 Ethernet (registered trademark) type

204 Data

205 Frame type information

206 Transmission right acquiring apparatus information

207 Token repeat counter

208 Transmission permitted station value

208a Start transmission permitted station value

2085 End transmission permitted station value

209 Number of transmittable frames

210 Number-of-transmittable-frames “0” setting station

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Preferred embodiments of a communication management
apparatus, a communication apparatus, and a communica-
tion method according to the present invention are explained
in detail below with reference to the accompanying draw-
ings. The present invention is not limited by these embodi-
ments.

First Embodiment

FIG. 1 is a schematic diagram of an example of the
configuration of a communication system according to a first
embodiment of the present invention. This communication
system includes a network of the same segment in which a
plurality of communication nodes A to C are connected in a
star shape by an Ethernet (registered trademark, the same
applies in the following explanation) via a switching hub
101. The communication nodes A to C respectively have
ports. The ports of the communication nodes are connected
via a cable capable of performing full duplex communica-
tion such as a twist pair cable or an optical fiber. In this
example, as the communication nodes, one master station A

10

15

25

30

35

40

45

50

55

60

65

6

as a management station that manages transmission and
reception of data (frames) in the network of the same
segment and two slave stations B and C that perform
transmission of data (frames) based on order of transmission
by the master station A are provided. In this example, the
communication system includes the communication nodes A
to C connected in the star shape. However, the communi-
cation system can include communication nodes connected
in another connection form such as a line shape or a ring
shape. Connection forms of the star shape and the line shape
can be mixed.

In the first embodiment, in the communication system in
which the communication nodes A to C are connected by the
Ethernet, the communication nodes A to C do not freely
perform transmission of data. Instead, a frame for obtaining
a data transmission right called token (a token frame) is
transmitted in order to the communication nodes A to C in
the communication system to enable a communication node,
which acquires the token frame, to perform transmission of
data to the other communication nodes. Transmission order
of the token frame is as indicated by (1) below.

Master station A—slave station B—sslave station
C—smaster station A

M

In this way, the communication system does not have a
ring configuration in a physical network configuration.
However, the data transmission right (the token frame) is
circulated in order among the communication nodes A to C
in the communication system to return the transmission right
to the ring management station X, whereby the transmission
right is repeated in a logical ring configuration.

FIG. 2-1 is a schematic block diagram of a functional
configuration of a master station. The master station includes
two ports 11-1 and 11-2 for connecting an Ethernet cable
between the master station and a communication node (a
slave station) adjacent to the master station or between the
master station and the switching hub 101, a communication
processing unit 20 that performs, for example, transmission
and reception processing for a frame via the ports 11-1 and
11-2 and processing for establishing transmission order of a
token frame, and an arithmetic processing unit 30 that
performs arithmetic processing using data from a slave
station.

The ports 11-1 and 11-2 include two ports, i.e., a first port
11-1 and a second port 11-2. At least one of these two ports
11-1 and 11-2 only has to be connected to a port of the slave
station adjacent to the master station (or connected to a port
of a slave station via the switching hub 101).

The communication processing unit 20 includes a logical-
ring configuring unit 21, a token-circulation-order-informa-
tion storing unit 22, a token-frame processing unit 23, a
data-frame-communication processing unit 24, a transmis-
sion buffer 25, and a reception buffer 26.

The logical-ring configuring unit 21 detects, during
power-on of the master station or at every predetermined
time, a communication node (a slave station) present in a
network of the same segment as the master station and
performs logical ring configuration processing for determin-
ing token circulation order information that is order for
feeding (passing) a token frame, which is a data transmission
right, from a connection relation between the master station
and the communication nodes. The logical-ring configuring
unit 21 notifies other communication nodes (slave stations)
present in the network of the same segment of token
circulation destination information including a communica-
tion node that obtains the transmission right after the com-
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munication node. This token circulation destination infor-
mation can be token circulation order information.

The token-circulation-order-information storing unit 22
stores the token circulation order information determined by
the logical-ring configuring unit 21.

When the logical ring configuration processing by the
logical-ring configuring unit 21 ends, the token-frame pro-
cessing unit 23 generates a token frame, performs transmis-
sion processing for the token frame based on the token
circulation order information, and, when the token frame is
received, determines whether the transmission right is
acquired. FIG. 3 is a diagram of an example of a format of
the token frame used in the first embodiment. A token frame
200 is an Ethernet frame and has a destination MAC (Media
Access Control) address (DA) 201, a transmission source
MAC address (SA) 202, an Ethernet type (type) 203, a data
204 in which data of higher layers is stored, and an FCS
(Frame Check Sequence) 211 that stores a result of check
concerning whether there is an error in information stored in
the DA 201 to the data 204 of the own frame.

In the first embodiment, frame type information 205,
transmission right acquiring apparatus information 206, a
token repeat counter 207, a transmission permitted station
value 208, a number of transmittable frames 209, and a
number-of-transmittable-frames “0” setting station 210 are
stored in a part of the data 204.

Information indicating a type of an Ethernet frame is
stored in the frame type information 205. In this case,
information indicating that the frame is a token frame is
stored. A MAC address of a communication node having a
transmission right is stored in the transmission right acquir-
ing apparatus information 206. This transmission right in the
transmission right acquiring apparatus information 206
means a state in which it is possible to acquire the token
frame and acquire the transmission right. The transmission
right is not a right that makes it possible to actually perform
transmission of data.

The token repeat counter 207 is a counter that counts a
sequence number counted from the master station in a
logical ring of a communication node that receives the token
frame 200. The sequence number corresponds to a token
circulation number in claims. The token repeat counter 207
indicates, with the master station set as a Oth communication
node, in which position counted from the master station the
communication node indicated by the transmission right
acquiring apparatus information 206 is located on the logical
ring. For example, when the communication nodes have the
token circulation order of (1) above in the configuration
shown in FIG. 1, the slave station B is a first communication
node on the logical ring and the slave station C is a second
communication node on the logical ring.

The transmission permitted station value 208 indicates a
sequence number of a communication node that can transmit
a data frame first among the communication nodes on the
logical ring. This sequence number is the same as a value
counted by the token repeat counter 207. The token repeat
counter 207 and the transmission permitted station value 208
configure first transmission right acquisition determination
information of claims.

The number of transmittable frames 209 represents a
number of frames that can be transmitted while the token
frame 200 is transmitted from the master station and circu-
lates once. The number-of-transmittable-frames “0” setting
station 210 indicates a sequence number of a communication
node in which the number of transmittable frames 209 is set
to “0”. This sequence number is the same as a value counted
by the token repeat counter 207.
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Reception processing and transmission processing per-
formed when such a token frame 200 is used are explained
below. When the token-frame processing unit 23 receives
the token frame 200 transmitted from another communica-
tion node (slave station), the token-frame processing unit 23
compares the transmission right acquiring apparatus infor-
mation 206 in the data 204 of the token frame 200 and a
MAC address of the own station. When the transmission
right acquiring apparatus information 206 and the MAC
address of the own station coincide with each other, the
token-frame processing unit 23 determines that the commu-
nication node is in a state in which the communication node
can transmit data. When the own station can transmit a data
frame according to the information stored in the data 204,
the token-frame processing unit 23 gives an instruction to
the data-frame-communication processing unit 24 to per-
form transmission processing for a data frame. However,
when the own station cannot transmit a data frame, the
token-frame processing unit 23 determines that the trans-
mission right could not be acquired. When the transmission
right acquiring apparatus information 206 and the MAC
address of the own station do not coincide with each other,
the token-frame processing unit 23 determines that the
transmission right is not obtained yet. In any case, the
received token frame 200 is repeated to another port that is
not a port where the token frame 200 is received. The
reception processing from the token frame 200 by the
token-frame processing unit 23 corresponds to token-frame
receiving apparatus of claims.

When the token-frame processing unit 23 receives the
token frame 200 in which the transmission right acquiring
apparatus information 206 indicates the own station, the
token-frame processing unit 23 sets the transmission right
acquiring apparatus information 206, the token repeat coun-
ter 207, the transmission permitted station value 208, and the
number of transmittable frames 209 and transmits the token
frame 200 in broadcast. The token-frame processing unit 23
sets the token repeat counter 207 to “1”, sets the number of
transmittable frames 209 to a predetermined value decided
in advance, and sets, as the transmission right acquiring
apparatus information 206, (a MAC address of) a slave
station that obtains, based on the token circulation order
information, the transmission right after the own station.

When the number of transmittable frames 209 at the time
of reception of a token frame is not “0”, the token-frame
processing unit 23 sets “0”, which is sequence order of the
own station in the logical ring, in the transmission permitted
station value 208. When the number of transmittable frames
209 at the time of reception of a token frame is “0”, the
token-frame processing unit 23 sets a value stored in the
number-of-transmittable-frames “0” setting station 210 of
the token frame 200 at the reception point in the transmis-
sion permitted station value 208. The transmission process-
ing for the token frame 200 by the token-frame processing
unit 23 corresponds to a token-frame transmitting unit in
claims.

The data-frame-communication processing unit 24 per-
forms transmission and reception processing for a data
frame. Specifically, the data-frame-communication process-
ing unit 24 also has a function of, when the transmission
right is acquired, converting data accumulated in the trans-
mission buffer 25 into a data frame and transmitting the data
frame to a slave station, subjecting a data frame accumulated
in the reception buffer 26 from the slave station to reception
processing, and transferring (repeating) a data frame
addressed to another slave station by the slave station.



US 9,461,838 B2

9

The transmission buffer 25 temporarily stores data frames
calculated by the arithmetic processing unit 30 and trans-
mitted to the other communication nodes by the data-frame-
communication processing unit 24. The data frames are
transmitted in order of the storage in the transmission buffer
25.

The reception buffer 26 temporarily stores data frames
from the other communication nodes received in the ports
11-1 and 11-2. The reception buffer 26 stores data frames
received in frame unit and can store only a predetermined
number of frames.

The arithmetic processing unit 30 performs a predeter-
mined arithmetic operation for generating information and
the like at a predetermined cycle for controlling the other
communication nodes using data from the other communi-
cation nodes subjected to reception processing by the data-
frame-communication processing unit 24. An arithmetic
processing result is transmitted to the other communication
nodes via the data-frame-communication processing unit 24.

FIG. 2-2 is a schematic block diagram of a functional
configuration of a slave station. The slave station includes
two ports 51-1 and 51-2 for connecting an Ethernet cable
between the slave station and a communication node (a ring
management station or a slave station) adjacent to the slave
station or between the slave station and the switching hub
101 and a communication processing unit 60 that performs
transmission and reception processing for a frame via the
ports 51-1 and 51-2.

As in the master station, the ports 51-1 and 51-2 include
two ports, i.e., a first port 51-1 and a second port 51-2. At
least one of these two ports 51-1 and 51-2 only has to be
connected to a communication node.

The communication processing unit 60 includes a token-
circulation-destination-information storing unit 61, a token-
frame processing unit 62, a data-frame-communication pro-
cessing unit 63, a transmission buffer 64, and a reception
buffer 65.

The token-circulation-destination-information storing
unit 61 stores token circulation destination information
notified from the master station. It is assumed that only a
MAC address of a communication node that obtains the
transmission right after the own slave station is stored as
token circulation destination information.

When the token-frame processing unit 62 receives the
token frame 200 transmitted from another communication
node, the token-frame processing unit 62 compares the
transmission right acquiring apparatus information 206 in
the data 204 of the token frame 200 and a MAC address of
the own station (slave station). When the transmission right
acquiring apparatus information 206 and the MAC address
coincide with each other, the token-frame processing unit 62
determines that the slave station is in a state in which the
slave station can perform transmission and compares a value
of the token repeat counter 207 of the received token frame
200 and a value of the transmission permitted station value
208. When the token repeat counter 207=zthe transmission
permitted station value 208, the token-frame processing unit
62 determines that the transmission right for a data frame has
been obtained within the range of the number of transmit-
table frames 209. However, when the number of transmit-
table frames 209 is “0”, the slave station cannot transmit a
data frame. On the other hand, when the token repeat counter
207<the transmission permitted station value 208, the token-
frame processing unit 62 determines that the transmission
right for a data frame has not been obtained. When the
transmission right acquiring apparatus information 206 and
the MAC address of the own station do not coincide with
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each other, the token-frame processing unit 62 determines
that the slave station is not in the state in which the slave
station can perform transmission. The processing for receiv-
ing a token frame in the token-frame processing unit 62
corresponds to a token-frame receiving unit of claims.

The token-frame processing unit 62 sets, with respect to
the received token frame 200, the transmission right acquir-
ing apparatus information 206, the token repeat counter 207,
and the number of transmittable frames 209 and sets the
number-of-transmittable-frames “0” setting station 210 if
necessary and transmits the token frame 200 in broadcast.

Specifically, the token-frame processing unit 62 sets the
token repeat counter 207 obtained by incrementing the token
repeat counter 207 stored in the token frame 200 by one and
sets, as the transmission right acquiring apparatus informa-
tion 206, the MAC address of the communication node set
in the token circulation destination information.

When data frames are transmitted, the token-frame pro-
cessing unit 62 sets, in the number of transmittable frames
209, a value obtained by subtracting the number of trans-
mitted data frames from the number of transmittable frames
209 at the time of token frame reception. When the new
number of transmittable frames 209 is “0”, the token-frame
processing unit 62 sets, as the number-of-transmittable-
frames “0” setting station 210, a value of the token repeat
counter 207 at the time of the token frame 200 reception.
The processing for transmitting a token frame in the token-
frame processing unit 62 corresponds to a token-frame
transmitting unit of claims.

When the data transmission right is obtained, the data-
frame-communication processing unit 63 performs trans-
mission and reception processing for a data frame within a
range specified by the number of transmittable frames 209.
For example, in an FA network, the data-frame-communi-
cation processing unit 63 receives data transmitted from the
master station and set in the slave station and transmits data
used in arithmetic processing to the master station. The
data-frame-communication processing unit 63 also has a
function of receiving a data frame transmitted from the slave
station and transferring (repeating) a data frame addressed to
another slave station by the slave station.

The data-frame-communication processing unit 63 per-
forms processing for distinguishing data (a frame) that could
not be transmitted because the number of transmittable
frames is “0” in the own station and data (a frame) that could
not be transmitted because, although the token frame 200 is
acquired, the number of transmittable frames is “0” from
data accumulated in the transmission buffer 64 after the
token frame 200 is released. This processing is explained
later.

The transmission buffer 64 temporarily stores data entered
in a data link layer from a not-shown application layer of the
slave station until the data is transmitted by the data-frame-
communication processing unit 63. The reception buffer 65
temporarily stores data received in the ports 51-1 and 51-2
until the data is subjected to reception processing by the
data-frame-communication processing unit 63.

FIG. 4 is a schematic diagram of an example of a storage
state of data in a transmission buffer. As shown in the figure,
in the transmission buffer, data that should be transmitted to
other communication nodes (mainly, the master station) is
accumulated in time series as transmission waiting frames.
Information for distinguishing data (a frame) that, although
the transmission right was acquired, was not able to be
transmitted is stored with respect to the respective transmis-
sion waiting frames. In this embodiment, the transmission
buffer has un-transmitted frame information at the time of
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number of transmittable frames “0” setting for identifying,
when the number of transmittable frames 209 in the own
station is “0”, data (a frame) that could not be transmitted
and non-transmitted frame information at the time of last
token reception for identifying data (a frame) that could not
be transmitted because the transmission right was not
obtained (i.e., the number of transmittable frames 209 is
“0”). The un-transmitted frame information at the time of
number of transmittable frames “0” setting and the un-
transmitted frame information at the time of last token
reception correspond to last-time un-transmitted data iden-
tification information of claims.

Processing at the time of token frame reception is
explained below in order of the slave station and the master
station. FIGS. 5-1 and 5-2 are flowcharts for explaining an
example of transmission processing at the time of token
frame reception in the slave station.

First, when the token-frame processing unit 62 receives
the token frame 200 (step S11), the token-frame processing
unit 62 determines whether the transmission right acquiring
apparatus information 206 of the token frame 200 indicates
the own station (step S12). When the transmission right
acquiring apparatus information 206 does not indicate the
own station (No at step S12), the token-frame processing
unit 62 transfers the token frame (step S13) and the pro-
cessing ends.

When the transmission right acquiring apparatus infor-
mation 206 indicates the own station (Yes at step S12), the
token-frame processing unit 62 determines whether a value
of the token repeat counter 207 of the received token frame
200 is equal to or larger than the transmission permitted
station value 208 (step S14). When the value of the token
repeat counter 207 is equal to or larger than the transmission
permitted station value 208 (Yes at step S14), the token-
frame processing unit 62 further determines whether the
number of transmittable frames 209 of the token frame 200
is larger than “0” (step S15).

When the number of transmittable frames 209 is larger
than “0” (Yes at step S15), the token-frame processing unit
62 recognizes that the slave station has acquired the trans-
mission right. The token-frame processing unit 62 deter-
mines whether the number of frames stored in the transmis-
sion buffer 64 at a point when the token frame 200 is
received (hereinafter referred to as number of transmission
waiting frames) is equal to or smaller than the number of
transmittable frames (step S16). When the number of trans-
mission waiting frames is equal to or smaller than the
number of transmittable frames (Yes at step S16), the
token-frame processing unit 62 further determines whether
an un-transmitted frame at the time of number of transmit-
table frames “0” setting or an un-transmitted frame at the
time of last token reception is present in the transmission
buffer 64 (step S17).

When an un-transmitted frame at the time of number of
transmittable frames “0” setting or an un-transmitted frame
at the time of last token reception is not present in the
transmission buffer 64 (No at step S17), the token-frame
processing unit 62 performs transmission processing for all
frames stored in the transmission buffer 64 (step S21). When
an un-transmitted frame at the time of number of transmit-
table frames “0” setting or an un-transmitted frame at the
time of last token reception is present in the transmission
buffer 64 (Yes at step S17), the data-frame-communication
processing unit 63 transmits only the un-transmitted frame at
the time of number of transmittable frames “0” setting or the
un-transmitted frame at the time of last token reception (step
S22).
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Thereafter, the token-frame processing unit 62 sets (the
number of transmittable frames 209 at the time of token
frame 200 reception)—(the number of frames transmitted at
step S21 or S22) in the number of transmittable frames 209
of the token frame 200 (step S23). Subsequently, the token-
frame processing unit 62 determines whether a new number
of transmittable frames 209 set in the token frame 200 is “0”
(step S24).

When the set number of transmittable frames 209 is not
“0” (No at step S24), the token-frame processing unit 62
increments the value of the token repeat counter 207 of the
token frame 200 by one (step S41) and sets, in the trans-
mission right acquiring apparatus information 206, token
circulation destination information stored in the token-cir-
culation-destination-information storing unit 61 (step S42).
The token-frame processing unit 62 transmits the token
frame 200 in which the items in the data 204 are set as
explained above (step S43) and ends the processing.

When the number of transmittable frames 209 set at step
S23 is 0 (Yes at step S24), the token-frame processing unit
62 sets, in the number-of-transmittable-frames “0” setting
station 210 of the token frame 200, the value of the token
repeat counter 207 at the time of the token frame 200
reception (step S34). Thereafter, the processing at step S41
and subsequent steps is performed.

On the other hand, when the number of transmission
waiting frames is larger than the number of transmittable
frames 209 at step S16 (No at step S16), the data-frame-
communication processing unit 63 transmits the frames of
the number of transmittable frames 209 stored in the trans-
mission buffer 64 in order from a frame stored earliest (step
S31). At this point, the token-frame processing unit 62 sets,
in non-transmitted frames among the frames stored in the
transmission buffer 64, a flag for identifying un-transmitted
frame at the time of number of transmittable frames “0”
setting (step S32). The token-frame processing unit 62 sets
“07, i.e., (the number of transmittable frames 209 at the time
of the token frame 200 reception)-(the number of frames
transmitted at step S31) in the number of transmittable
frames 209 of the token frame 200 (step S33) and sets the
number of transmittable frames 209 of the token frame 200
to “0”. Thereafter, the processing at step S34 and subsequent
steps is performed.

When the number of transmittable frames 209 is “0” at
step S15 (No at step S15), the token-frame processing unit
62 recognizes that the transmission right has not been
obtained. The data-frame-communication processing unit 63
sets, in the frames stored in the transmission buffer 64 at the
point when the token frame 200 is received, a flag for
identifying an un-transmitted frame at the time of last token
reception (step S25). Thereafter, the processing at step S41
and subsequent steps is performed.

When the value of the token repeat counter 207 is smaller
than the transmission permitted station value 208 at step S14
(No at step S14), the token-frame processing unit 62 of the
slave station recognizes that the transmission right has not
been obtained. The processing at step S41 and subsequent
steps is performed. As explained above, the processing of a
token frame by the slave station is performed.

The processing at steps S34 to S42 are setting processing
for information in the data 204 of the token frame 200.
Therefore, order of setting is not limited to the order
explained above.

FIG. 6 is a flowchart for explaining an example of
processing at the time of token frame reception in the master
station. First, when the token-frame processing unit 23
receives the token frame 200 (step S71), the token-frame
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processing unit 23 determines whether the transmission right
acquiring apparatus information 206 of the token frame 200
indicates the own station (step S72). When the transmission
right acquiring apparatus information 206 does not indicate
the own station (No at step S72), the token-frame processing
unit 23 transfers the token frame 200 (step S73) and the
processing ends.

When the transmission right acquiring apparatus infor-
mation 206 indicates the own station (Yes at step S72), the
token-frame processing unit 23 checks whether the number
of transmittable frames 209 of the received token frame 200
is “0” (step S74). When the number of transmittable frames
is not “0” (No at step S74), the token-frame processing unit
23 of the master station recognizes that a communication
node (a slave station) that cannot transmit a data frame is not
present. In the next circulation of the token frame 200, the
token-frame processing unit 23 performs setting processing
for the token frame 200 to give the transmission right to the
communication nodes in order according to the token cir-
culation order information. Specifically, after the data-
frame-communication processing unit 24 transmits a frame
in the transmission buffer 25 within a range of the number
of transmittable frames set in advance (step S75), the
token-frame processing unit 23 sets, in the number of
transmittable frames 209 of the token frame 200, a value
obtained by subtracting the number of frames transmitted at
step S75 from the number of transmittable frames set in
advance (step S76), sets the value of the token repeat counter
207 to “1” (step S77), and sets the transmission permitted
station value 208 to “0” (step S78).

On the other hand, when the number of transmittable
frames 209 is “0” at step S74 (Yes at step S74), the
token-frame processing unit 23 of the master station recog-
nizes that a communication node (a slave station) that was
not able to transmit a data frame while this token frame 200
circulated once is present. The token-frame processing unit
23 performs setting processing for the token frame 200 such
that, in the next circulation of the token frame 200, data
frames can be transmitted in order from the communication
node (the slave station) that was not able to transmit a data
frame. Specifically, the token-frame processing unit 23 sets
the number of transmittable frames 209 of the token frame
200 to a value set in advance (step S81), sets the value of the
token repeat counter 207 to “1” (step S82), and sets a value
of the number-of-transmittable-frames “0” setting station
210 at the time of token frame 200 reception in the trans-
mission permitted station value 208 (step S83).

Thereafter or after step S78, the token-frame processing
unit 23 sets, in the transmission right acquiring apparatus
information 206 of the token frame 200, a slave station,
which obtains the transmission right after the own station,
acquired from the token circulation order information in the
token-circulation-order-information storing unit 22 (step
S91). The token-frame processing unit 23 transmits a token
frame set as explained above (step S92) and the processing
ends.

The processing at steps S76 to S78 and S91 is setting
processing for information in the data 204 of the token frame
200. Therefore, order of the processing does not have to be
the order explained above. The same applies to the process-
ing at steps S81 to S83 and S91.

A communication method employing a token frame in
such a communication system is explained below with
reference to a specific example. FIGS. 7-1 to 7-9 are
schematic diagrams for explaining an example of a com-
munication method employing a token according to the first
embodiment. It is assumed that the master station A has
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already performed configuration processing for a logical
ring, determined the token circulation order indicated by (1)
above, and acquired the transmission right first. In FIG. 7-1,
a state of the communication system at a point when the
master station A has acquired the transmission right is
shown. In this state, in the master station A, for example, it
is entered from an application layer to a data link layer to
transmit frames F1 to F5 to the other slave stations B and C.
These frames F1 to F5 are stored in the transmission buffer
25 in order as transmission waiting frames. Further, in the
slave station B, it is entered from an application layer to a
data link layer to transmit frames F6 and F7 to the other
communication nodes. These frames F6 and F7 are stored in
the transmission buffer in order as transmission waiting
frames. In the slave station C, it is entered from an appli-
cation layer to a data link layer to transmit a frame F8 to the
other communication nodes. This frame F8 is stored in the
transmission buffer as a transmission waiting frame.

Thereafter, as shown in FIG. 7-2, the token-frame pro-
cessing unit 23 of the master station A sets the number of
transmittable frames in the token frame 200 to a value set in
the communication system in advance (assumed to be “6”).
The data-frame-communication processing unit 24 of the
master station A transmits the transmission waiting frames,
which are stored in the transmission buffer 25, in order of
storage in the transmission buffer 25 (in order from a frame
stored earliest) within the range of the number of transmit-
table frames set in the token frame 200. The number of
transmission waiting frames F1 to F5 stored in the trans-
mission buffer 25 is “5” and the number of transmittable
frames set in the token frame 200 is “6”. Therefore, the
data-frame-communication processing unit 24 transmits all
the frames F1 to F5. Consequently, the number of frames
that can be transmitted while this token frame 200 circulates
once is “1 (6-5)". Thereafter, the token-frame processing
unit 23 of the master station A transmits the token frame 200
in which the number of transmittable frames is set to “1”, the
token repeat counter is set to “17, the transmission permitted
station value is set to “0” representing the own station, and
the slave station B is set in the transmission right acquiring
apparatus information. The transmitted frames F1 to F5 are
erased from the transmission buffer 25.

Subsequently, when the slave station B receives the token
frame 200 in which the transmission right acquiring appa-
ratus information is set to the own station, the token-frame
processing unit 23 of the slave station B compares the value
of the token repeat counter in the token frame 200 and the
transmission permitted station value and determines whether
the own station can transmit data. Because the token repeat
counter “1”>the transmission permitted station value “07,
the token-frame processing unit 23 recognizes that the slave
station B has obtained a right for transmitting data in the
range of the number of transmittable frames in the token
frame 200.

Thereafter, as shown in FIG. 7-3, the data-frame-commu-
nication processing unit 63 of the slave station B transmits
the transmission waiting frames, which are stored in the
transmission buffer 64, in order of storage in the transmis-
sion buffer 64 (in order from a frame stored earliest) within
the range of the number of transmittable frames set in the
token frame 200. The number of transmission waiting
frames F6 to F7 stored in the transmission buffer 64 is “2”
and the number of transmittable frames set in the token
frame 200 is ““1”. Therefore, the data-frame-communication
processing unit 63 transmits only the frame F6. Conse-
quently, the number of frames that can be transmitted until
this token frame 200 returns to the master station A is “0
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(1-1)". Thereafter, the token-frame processing unit 62 of the
slave station B transmits the token frame 200 in which the
number of transmittable frames is set to “0”, the number-
of-transmittable-stations “0” setting station is set to “17,
which is a sequence number on the logical ring of the own
station, the token repeat counter 207 is incremented by one
to “2”, and the slave station C stored in the token-circula-
tion-destination-information storing unit 61 is set as the
transmission right acquiring apparatus information. A value
set in the number-of-transmittable-frames “0” setting station
is a value set in the token repeat counter when the slave
station B receives the token frame 200 and is a sequence
number counted from the master station A on the logical
ring.

The data-frame-communication processing unit 63 of the
slave station B stores, as an un-transmitted frame at the time
of the number of transmittable frames “0”, the frame F7 in
the transmission buffer 64 that could not be transmitted at
the time of acquisition of the transmission right of this time.
This can be performed by, for example, setting, in the
transmission buffer 64, an item called un-transmitted frame
at the time of the number of transmittable frames “0” setting
and setting a flag in this item. To facilitate understanding of
explanation, the figure is drawn such that an item “un-
transmitted frame at the time of the number of transmittable
frames “0” setting” is provided and the un-transmitted frame
F7 in the transmission buffer 64 is stored in this item as well.
The transmitted frame F6 is erased.

Subsequently, the token-frame processing unit 62 of the
slave station C receives the token frame 200 in which the
transmission right acquiring apparatus information is set to
the own station, compares the value of the token repeat
counter in the token frame 200 and the transmission per-
mitted station value, and determines whether the own station
can transmit data. Because the token repeat counter “2”>the
transmission permitted station value “0”, the token-frame
processing unit 62 recognizes that the slave station C has
obtained a right for transmitting data in the range of the
number of transmittable frames in the token frame 200.

Thereafter, as shown in FIG. 7-4, the slave station C
attempts to transmit the transmission waiting frames stored
in the transmission buffer 64 in order of storage in the
transmission buffer 64 (in order from a frame stored earliest)
within the range of the number of transmittable frames set in
the token frame 200. Because the number of transmittable
frames set in the token frame 200 is “0”, the slave station C
cannot transmit the frame F8 in the transmission buffer 64.
Therefore, the token-frame processing unit 62 of the slave
station C increments the token repeat counter by one to “3”.
Subsequently, the token-frame processing unit 62 transmits
the token frame 200 in which the master station A stored in
the token-circulation-destination-information storing unit 61
is set as the transmission right acquiring apparatus informa-
tion. In this token frame 200, the number of transmittable
frames remains “0” and the number-of-transmittable-frames
“0” setting station remains “1”.

At this point, the data-frame-communication processing
unit 63 of the slave station C stores, as an un-transmitted
frame at the time of the last token reception, the frame F8 in
the transmission buffer 64 that could not be transmitted at
the time of acquisition of the transmission right of this time.
This can be performed by, for example, setting an item
called un-transmitted frame at the time of the last token
reception and setting a flag in this item. To facilitate under-
standing of the explanation, the figure is drawn such that an
item “un-transmitted frame at the time of the last token

10

15

20

25

30

35

40

45

50

55

60

65

16

reception” is provided and the un-transmitted frame F8 in
the transmission buffer 64 is stored in this item as well.

Thereafter, as shown in FIG. 7-5, it is assumed that, in a
state immediately after the slave station C transmits the
token frame 200 in which the transmission right acquiring
apparatus information is set to the master station A, the
communication nodes acquire new data that should be
transmitted. Specifically, in the master station A, for
example, it is entered from the application layer to the data
link layer to transmit frames F9 and F10 to the other slave
stations. These frames F9 and F10 are stored in the trans-
mission buffer 25 in order as transmission waiting frames. In
the slave station B, it is entered from the application layer to
the data link layer to transmit frames F11 to F14 to the other
communication nodes. These frames F11 to F14 are stored
in the transmission buffer 64 in order as transmission waiting
frames. In the slave station C, it is entered from the appli-
cation layer to the data link layer to transmit a frame F15 to
the other communication nodes. This frame F15 is stored in
the transmission buffer 64 as a transmission waiting frame.

Subsequently, as shown in FIG. 7-6, when the token-
frame processing unit 23 of the master station A receives the
token frame 200 in which the transmission right acquiring
apparatus information is set to the own station, the token-
frame processing unit 23 checks the number of transmittable
frames in the token frame 200. The token-frame processing
unit 23 determines that, because the number of transmittable
frames is “0”, a communication node that, although the
transmission right was obtained, was not able to transmit a
frame, i.e., was not able to obtain the transmission right is
present among the communication nodes in the logical ring.
As a result, the data-frame-communication processing unit
24 of the master station A does not perform transmission
processing for the frames F9 and F10 stored in the trans-
mission buffer 25. The data-frame-communication process-
ing unit 24 transmits the token frame 200 in which a value
“6” set in advance is set to the number of transmittable
frames of the received token frame 200, “1”, which is a
value of the number-of-transmittable-frames “0” setting
station of the received token frame 200, is set to the
transmission permitted station value, the token repeat coun-
ter 207 is reset to “1”, and the slave station B is set as the
transmission right acquiring apparatus information 206.

Subsequently, when the slave station B receives the token
frame 200 in which the transmission right acquiring appa-
ratus information 206 is set to the own station, the data-
frame-communication processing unit 24 compares the
value of the token repeat counter 207 in the token frame 200
and the transmission permitted station value 208 and deter-
mines whether the own station can transmit data. Because
the value “1” of the token repeat counter 207=the transmis-
sion permitted station value 208 “1”, i.e., the token repeat
counter=the transmission permitted station value, the data-
frame-communication processing unit 24 recognizes that the
slave station B has obtained a right for transmitting data in
the range of the number of transmittable frames in the token
frame 200.

Thereafter, as shown in FIG. 7-7, the data-frame-commu-
nication processing unit 24 of the slave station B identifies
presence of “un-transmitted frames at the time of number of
transmittable frames “0” setting” among the un-transmitted
frames stored in the transmission buffer 64. The data-frame-
communication processing unit 24 transmits the “un-trans-
mitted frames at the time of number of transmittable frames
“0” setting” in order of storage in the transmission bufter 64
(in order from a frame stored earliest) within the range of the
number of transmittable frames set in the token frame 200.
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Because, although the frames F7 and F11 to F14 are stored
in the transmission buffer 64, the “un-transmitted frame at
the time of number of transmittable frames “0” setting” is
the frame F7, the data-frame-communication processing unit
24 transmits only the frame F7. Consequently, the number of
frames that can be transmitted until this token frame 200
returns to the master station A is “5 (=6-1)”. Thereafter, the
token-frame processing unit 62 of the slave station B trans-
mits the token frame 200 in which “5” is set in the number
of transmittable frames, the token repeat counter is incre-
mented by one to “2”, and the slave station C is set in the
transmission right acquiring apparatus information. The
slave station B stores, as the “un-transmitted frames at the
time of last token reception”, the frames F11 to F14 that
were not able to be transmitted at the time of acquisition of
the transmission right of this time. The number-of-transmit-
table-frames “0” setting station in the token frame 200 is not
changed and is kept at the value set in the received token
frame 200. The transmitted frame F7 is erased from the
transmission buffer 64.

Subsequently, the slave station C receives the token frame
200 in which the transmission right acquiring apparatus
information is set to the own station, compares the value of
the token repeat counter in the token frame 200 and the
transmission permitted station value, and determines
whether the own station can transmit data. Because the token
repeat counter “2”>the transmission permitted station value
“17, the slave station C recognizes that the slave station C
has obtained a right for transmitting data in the range of the
number of transmittable frames in the token frame 200.

Thereafter, as shown in FIG. 7-8, the slave station C
identifies presence of the “un-transmitted frame at the time
of last token reception” among the transmission waiting
frames stored in the transmission buffer 64. The data-frame-
communication processing unit 24 transmits the “un-trans-
mitted frames at the time of last token reception” in order of
storage in the transmission buffer 64 (in the order from a
frame stored earliest) within the range of the number of
transmittable frames set in the token frame 200. Because,
although the frames F8 and F15 are stored in the transmis-
sion buffer 64, the “un-transmitted frame at the time of last
token reception” is the frame 8, only the frame 8 is trans-
mitted. Consequently, the number of frames that can be
transmitted until this token frame 200 returns to the master
station A is “4 (=5-1)”. Thereafter, the token-frame process-
ing unit 62 of the slave station C transmits the token frame
200 in which the number of transmittable frames is set to
“4” the token repeat counter is incremented by one to “3”,
and the master station A is set in the transmission right
acquiring apparatus information. The data-frame-communi-
cation processing unit 24 of the slave station C stores, as an
un-transmitted frame at the time of last token reception, the
frame F15 in the transmission buffer 64 that could not be
transmitted at the time of acquisition of the transmission
right of this time. The number-of-transmittable-frames “0”
setting station in the token frame 200 is not changed and is
kept at the value set in the received token frame 200. The
transmitted frame F8 is erased from the transmission buffer
64.

Subsequently, when the token-frame processing unit 23 of
the master station A receives the token frame 200 in which
the transmission right acquiring apparatus information is set
to the own station, the token-frame processing unit 23
checks the number of transmittable frames in the token
frame 200. Because the number of transmittable frames is
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“4”  the token-frame processing unit 23 determines that all
communication nodes in the logical ring were able to
transmit frames.

Thereafter, as shown in FIG. 7-9, the data-frame-commu-
nication processing unit 24 of the master station A performs
transmission processing for the frames F9 to F10 stored in
the transmission buffer 25. Thereafter, the token-frame pro-
cessing unit 23 transmits the token frame 200 in which “4”
obtained by subtracting the number of transmitted frames
“2” from the value “6” set in advance as the number of
transmittable frames is set in the number of transmittable
frames of the token frame 200, “0” representing the own
station is set in the transmission permitted station value, the
token repeat counter is reset to “1”, and the slave station B
is set in the transmission right acquiring apparatus informa-
tion. The value of the number-of-transmittable-frames “0”
setting station in the token frame 200 can be kept as it is
without being changed or can be erased. Thereafter, the
processing explained above is repeatedly executed. Frames
that should be transmitted by the communication nodes are
transmitted.

According to the first embodiment, it is determined
whether data in a transmission waiting state in the commu-
nication nodes can be transmitted in unit of a frame. There-
fore, it is unnecessary to calculate an amount of data in the
transmission waiting state unlike the past. As a result, it is
possible to reduce time after the token frame 200 is received
until data is transmitted. Because the transmission in unit of
a frame is performed, when it is determined whether data
can be transmitted according to a data amount as in the past,
if an amount of data that should be transmitted in a certain
communication node exceeds an amount of data that can be
transmitted in the communication system, not all the data
that should be transmitted could not be transmitted. How-
ever, in the first embodiment, it is possible to transmit data
in frame unit in the range of the number of transmittable
frames 209.

Specifically, when the token repeat counter 207 is equal to
or larger than the transmission permitted station value 208,
it is determined whether the own station has the transmission
right according to whether the number of transmittable
frames 209 in the token frame 200 is “0”. Therefore, when
there is at least one transmittable frame number 209 until the
token frame 200 returns to the master station, the slave
station can transmit a frame. As a result, there is an effect
that real-time communication is possible. There is also an
effect that it is possible to efficiently transmit frames while
the token frame 200 circulates once.

Further, in the configuration of the logical ring, the token
repeat counter 207 that is incremented by one every time the
token frame 200 circulates through the slave stations starting
from the master station set as a Oth communication node.
Therefore, the slave station can recognize, with this token
repeat counter 207, which slave station counted from the
master station in the logical ring the slave station is. Making
use of this, a value of the token repeat counter 207 of a slave
station in which the number of transmittable frames 209 is
set to “0” is stored in the token frame 200 as the number-
of-transmittable-frames “0” setting station 210. The master
station sets the number-of-transmittable-frames “0” setting
station 210 in the transmission permitted station value 208.
Therefore, it is possible to cause a slave station having data
that could not be transmitted at the time of last acquisition
of the token frame to transmit the data. As a result, there is
an effect that data generated by stations can be transmitted
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in order from data generated earliest and it is possible to
perform communication with importance attached to real-
time properties.

Further, frames that were not able be transmitted at the
time of acquisition of the token frame 200 are stored as
last-time un-transmitted frames. When the token frame 200
is acquired next, only the last-time un-transmitted frames are
transmitted. Therefore, there is an effect that, even when a
frame that should be transmitted is generated until the token
frame 200 is acquired next after being acquired last time, it
is possible to collectively transmit frames subjected to
transmission entry in substantially the same periods in the
entire communication system in order from a frame stored in
the communication node earliest.

Second Embodiment

As in the first embodiment, in a communication system
that includes a master station and slave stations, performs an
arithmetic operation using data from the slave stations, and
notifies the slave stations of a result of the arithmetic
operation, it is likely that the data transmitted by the slave
stations concentrate in the master station. It is also likely
that, in the master station, a processing ability of transmis-
sion and reception processing is temporarily more deterio-
rated than other processing, a reception buffer is in a full
state, and frames are discarded. When such a situation
occurs, transmission retry processing is carried out to
recover discarded data. However, this recovery processing
leads to deterioration in performance of a network, the
master station, and the slave stations. Therefore, in the
second embodiment, a communication system and a com-
munication method that can perform transmission and recep-
tion of data without performing the recovery processing
when a processing ability of reception processing is tempo-
rarily deteriorated in the master station are explained.

The master station according to the second embodiment
further has a function of acquiring, when the token-frame
processing unit 23 receives the token frame 200 in which the
transmission right acquiring apparatus information 206 indi-
cates the own station in the first embodiment, the number of
receivable buffers from a state of use of the reception buffer
26 and setting the number of receivable buffers in the
number of transmittable frames 209 of the token frame 200.
For example, when a maximum number of stored frames of
the reception buffer 26 is n (n is a natural number) and m (m
is a natural number, nzm) frames are stored in the reception
buffer 26 at a point when the token frame 200 is acquired,
“n-m” is set in the number of transmittable frames 209 of
the token frame 200. Components same as those in the first
embodiment are denoted by the same reference numerals
and signs and explanation of the components is omitted. The
configuration of the slave station according to the second
embodiment is the same as that in the first embodiment.
Therefore, explanation of the configuration of the slave
station is omitted.

A communication method for data according to the sec-
ond embodiment is explained below. FIG. 8 is a flowchart
for explaining an example of processing at the time of token
frame reception by the master station. First, as at steps S71
to S74 explained with reference to FIG. 6 in the first
embodiment, the token-frame processing unit 23 of the
master station transfers the token frame 200 in which the
transmission right acquiring apparatus information 206 does
not indicate the own station and, in the case of the token
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frame 200 transmitted to the own station, determines
whether the number of transmittable frames 209 is “0” (steps
S101 to S104).

When the number of transmittable frames 209 is not “0”
(No at step S104), the token-frame processing unit 23 of the
master station acquires the number of frames that can be
stored in the reception buffer 26 at the present point (step
S105). For example, in a state in which four frames are
stored in the reception buffer 26 that can store up to six
frames, two frames can be stored. The token-frame process-
ing unit 23 sets, as the number of transmittable frames 209
of the token frame 200, the acquired number of frames that
can be stored in the reception buffer 26 (step S106). Sub-
sequently, after the data-frame-communication processing
unit 24 transmits frames in the transmission buffer 25 within
a range of the set number of transmittable frames 209 (step
S107), the token-frame processing unit 23 sets, in the
number of transmittable frames 209 of the token frame 200,
a value obtained by subtracting the number of frames
transmitted at step S107 from the number of transmittable
frames 209 set at step S106 (step S108). The token-frame
processing unit 23 sets a value of the token repeat counter
207 to “1” (step S109) and sets the transmission permitted
station value 208 to “0” (step S110).

On the other hand, when the number of transmittable
frames 209 in the token frame 200 received at step S104 is
“0” (Yes at step S104), the token-frame processing unit 23
of the master station acquires the number of frames that can
be stored in the reception buffer 26 (step S121). The token-
frame processing unit 23 sets, as the number of transmittable
frames 209 of the token frame 200, the acquired number of
frames that can be stored in the reception buffer 26 (step
S122). The token-frame processing unit 23 sets the value of
the token repeat counter 207 to “1” (step S123) and sets, in
the transmission permitted station value 208, a value of the
number-of-transmittable-frames “0” setting station 210 at
the time of token frame reception (step S124).

Thereafter or after step S110, as at steps S91 and S92 in
FIG. 6, the token-frame processing unit 23 sets, in the
transmission right acquiring apparatus information 206 of
the token frame 200, a slave station, which obtains a
transmission right after the own station, acquired from token
circulation order information (step S125). The token-frame
processing unit 23 transmits a token frame set as explained
above (step S126) and the processing ends.

A communication method employing a token frame in
such a communication system is explained below with
reference to a specific example. FIGS. 9-1 to 9-8 are
schematic diagrams for explaining an example of a proce-
dure of a communication method employing a token frame
according to the second embodiment. It is assumed that the
master station A can process up to six frames. Specifically,
it is assumed that the reception buffer 26 of the master
station A can store up to six frames. Further, it is assumed
that the master station A has already performed configura-
tion processing for a logical ring, determined the token
circulation order indicated by (1) in the first embodiment,
and notified the slave stations B and C of information
concerning the token circulation order (token circulation
destination information) and, thereafter, the token frame is
circulating according to the token circulation order.

As shown in FIG. 9-1, it is assumed that, at a point when
a token frame in which transmission right acquiring appa-
ratus information is set to the master station A is transmitted
from the slave station C, in the slave station B, it is entered
from the application layer to the data link layer to transmit
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five frames F1 to F5 to the master station A and these frames
F1 to F5 are stored in the transmission buffer 64 in order as
transmission waiting frames.

Thereafter, as shown in FIG. 9-2, when the master station
A receives the token frame 200 in which the transmission
right acquiring apparatus information 206 is set to the own
station, the master station A checks the number of transmit-
table frames in the token frame 200. It is assumed that the
number of transmittable frames is returned as a number that
is not “0”. Therefore, there is no slave station that, although
the transmission right was obtained, was not able to transmit
a frame explained in the first embodiment. The master
station A performs normal communication for giving the
transmission right in order according to the frame circulation
order.

The data-frame-communication processing unit 24 of the
master station A can transmit frames of the transmission
buffer 25 because the own station obtains the transmission
right. However, at this point, because there is no frame that
should be transmitted, the data-frame-communication pro-
cessing unit 24 does not perform transmission processing.
Thereafter, the token-frame processing unit 23 of the master
station A transmits the token frame 200 in which the number
of transmittable frames is set to the value “6” set in the
communication system in advance, the token repeat counter
is reset to “17, the transmission permitted station value is set
to “0” representing the own station, and the slave station B
is set in the transmission right acquiring apparatus informa-
tion 206.

Subsequently, when the token-frame processing unit 62 of
the slave station B receives the token frame 200 in which the
transmission right acquiring apparatus information is set to
the own station, the token-frame processing unit 62 com-
pares the value of the token repeat counter in the token frame
200 and the transmission permitted station value and deter-
mines whether the own station can transmit data. Because
the token repeat counter “1”>the transmission permitted
station value “0”, the token-frame processing unit 62 rec-
ognizes that the slave station B has obtained a right or
transmitting data in a range of the number of transmittable
frames in the token frame 200.

Thereafter, as shown in FIG. 9-3, the data-frame-commu-
nication processing unit 63 of the slave station B transmits
the transmission waiting frames stored in the transmission
buffer 64 in order of storage in the transmission buffer 64 (in
order from a frame stored earliest) within the range of the
number of transmittable frames set in the token frame 200.
Because the number of transmission waiting frames F1 to F5
stored in the transmission buffer 64 is “5” and the number of
transmittable frames set in the token frame 200 is “6”, the
data-frame-communication processing unit 63 transmits all
the frames F1 to F5 to the master station A. Consequently,
the number of frames that can be transmitted until this token
frame 200 returns to the master station A is “1 (=6-5)".
Thereafter, the token-frame processing unit 62 of the slave
station B transmits the token frame 200 in which the number
of transmittable frames has been set to “1”, the token repeat
counter is incremented by 1 to “2”, and the slave station C
is set in the transmission right acquiring apparatus informa-
tion. The transmitted frames F1 to F5 are erased from the
transmission buffer 64.

Data transmitted from the slave station B is received by
the master station A and temporarily stored in the reception
buffer 26. As a result, five frames are stored in the reception
buffer 26 of the master station A. Therefore, the number of
reception buffer processable frames is “1”.
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Subsequently, the slave station C receives the token frame
200 in which the transmission right acquiring apparatus
information is set to the own station, compares the value of
the token repeat counter in the token frame 200 and the
transmission permitted station value, and determines
whether the own station can transmit data. Because the token
repeat counter “2”>the transmission permitted station value
“0”, the slave station C recognizes that the slave station C
has obtained a right for transmitting data in the range of the
number of transmittable frames in the token frame 200.

Thereafter, as shown in FIG. 9-4, the slave station C
attempts to transmit the transmission waiting frames stored
in the transmission buffer 64 in order of storage in the
transmission buffer 64 (in order from a frame stored earliest)
within the range of the number of transmittable frames “1”
set in the token frame 200. However, because there is no data
that should be transmitted in the transmission buffer 64,
eventually, the slave station C does not transmit a frame.

The token-frame processing unit 62 of the slave station C
transmits the token frame 200 in which the token repeat
counter is incremented by one to “3” and the master station
A is set in the transmission right acquiring apparatus infor-
mation. In this token frame 200, the number of transmittable
frames remains “1”.

It is assumed that, in time until the transmission of the
token frame 200 by the slave station C, in the master station
A, processing of one frame among the frames stored in the
reception buffer 26 has ended and a storage capacity for two
frames has been secured in the reception buffer. In other
words, it is assumed that the number of reception buffer
processable frames of the master station A has increased to
“27.

It is assumed that, thereafter, as shown in FIG. 9-5, in a
state immediately after the slave station C transmits the
token frame 200 in which the transmission right acquiring
apparatus information has been set to the master station A,
in the slave station C, it is entered from the application layer
to the data link layer to transmit the frames F6 to F9 to the
master station A and these frames F6 to F9 are stored in the
transmission buffer 64 as transmission waiting frames.

Subsequently, as shown in FIG. 9-6, when the master
station A receives the token frame 200 in which the trans-
mission right acquiring apparatus information has been set
to the own station, the master station A checks the number
of transmittable frames in the token frame 200. Because the
number of transmittable frames 209 is <17, the master station
A determines that all the communication nodes in the logical
ring were able to transmit frames. As a result, the master
station A can perform transmission processing for frames
stored in the transmission buffer 25. However, in this
example, because no frame is stored in the transmission
buffer 25, the transmission processing for frame by the
master station A is not performed.

The master station A originally sets a value “6”, which is
set in the communication system in advance, as the number
of transmittable frames of the token frame 200. However,
because the number of reception buffer processable frames
is “2”, the master station A transmits the token frame 200 in
which “2” has been set in the number of transmittable frames
of the token frame 200, the token repeat counter has been
reset to “1”, and the slave station B has been set in the
transmission right acquiring apparatus information.

Subsequently, when the slave station B receives the token
frame 200 in which the transmission right acquiring appa-
ratus information has been set to the own station, the slave
station B compares the value of the token repeat counter in
the token frame 200 and the transmission permitted station
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value and determines whether the own station can transmit
data. Because the token repeat counter “1°>the transmission
permitted station value “0”, the slave station B recognizes
that the slave station B has obtained a right for transmitting
data in the range of the number of transmittable frames in the
token frame. However, because no frame is present in the
transmission buffer 64 of the slave station B, the slave
station B does not perform transmission processing for
frames.

Thereafter, as shown in FIG. 9-7, the slave station B
transmits the token frame 200 in which the token repeat
counter has been incremented by one to “2” and the slave
station C has been set in the transmission right acquiring
apparatus information. The number of transmittable frames
in the token frame 200 is not changed and is kept at a value
set in the received token frame 200.

Subsequently, the slave station C receives the token frame
200 in which the transmission right acquiring apparatus
information is set to the own station, compares the value of
the token repeat counter in the token frame 200 and the
transmission permitted station value, and determines
whether the own station can transmit data. Because the token
repeat counter “2”>the transmission permitted station value
“0”, the slave station C recognizes that the slave station C
has obtained a right for transmitting data in the range of the
number of transmittable frames in the token frame.

Thereafter, as shown in FIG. 9-8, the data-frame-commu-
nication processing unit 63 of the slave station C transmits
the transmission waiting frames stored in the transmission
buffer 64 in order of storage in the transmission buffer 64 (in
order from a frame stored earliest) within the range of the
number of transmittable frames 209 set in the token frame
200. The frames F6 to F9 have been stored in the transmis-
sion buffer 64. However, because the number of transmit-
table frames is “2”, the data-frame-communication process-
ing unit 63 transmits only the frames F6 and F7.
Consequently, the number of frames that can be transmitted
until this token frame 200 returns to the master station A is
“0 (=2-2)". Thereafter, the token-frame processing unit 62
ofthe slave station C transmits the token frame 200 in which
the number of transmittable frames has been set to “07, <27,
which is a value of the token repeat counter at the time when
a token frame is received (represents the own station), has
been set in the number-of-transmittable-frames “0” setting
station, the token repeat counter is incremented by one to
“3” and the master station A has been set in the transmission
right acquiring apparatus information. The slave station C
stores, as un-transmitted frames at the time of the number of
transmittable frames *“0”, the frames F8 and F9 in the
transmission buffer 64 that were not able to be transmitted
at the time of acquisition of the transmission right of this
time. The transmitted frames F6 and F7 are erased from the
transmission buffer 64. Thereafter, the processing explained
above or the processing explained in the first embodiment is
performed.

As explained above, the number of transmittable frames
is variably set according to the reception processing ability
of the master station A and transmission processing for
frames corresponding to the setting is performed.

According to the second embodiment, the number of
frames that can be transmitted when the next token is
circulated is set according to the reception processing ability
of the master station. Therefore, it is possible to prevent data
from concentrating on the master station and prevent frames
from being discarded because the reception buffer is full.
Because recovery processing by the discarding of frames is
not performed, there is also an effect that it is possible to
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prevent deterioration in communication performance and
data processing performance in the master station, the slave
stations, and the communication system including these
communication nodes.

Third Embodiment

For example, in an FA system in which a programmable
controller corresponding to the master station and control
target apparatuses corresponding to the slave stations are
connected by a network, arithmetic processing is performed
by the programmable controller based on data output from
the control target apparatuses and a result of the arithmetic
operation is output to the control target apparatuses to
perform control of the control target apparatuses. Therefore,
real-time properties of data are requested. In such a case,
when high accuracy is required for the result of the arith-
metic processing, a large amount of data from the control
target apparatuses are required. When very high accuracy is
not required for the result of the arithmetic processing, the
amount of data from the control target apparatus can be
small. In this way, in the FA system, there are degrees of
importance concerning the control target apparatuses.

Therefore, when a load of transmission requests from the
slave stations temporarily increases, if reception processing
for data from all the slave stations is performed by the
method explained in the first embodiment, it is likely that
data from the control target apparatuses having high degrees
of importance cannot be easily received and highly-accurate
arithmetic processing cannot be performed. Therefore, in the
third embodiment, a communication system and a commu-
nication method that can preferentially transmit data from
slave stations having high degrees of importance to the
master station are explained.

FIG. 10 is a schematic block diagram of a functional
configuration of a master station according to the third
embodiment. This master station further includes, in the
configurations of the first and second embodiments, a
changed-destination-information-during-priority-processing
storing unit 27 that stores changed destination information
during priority processing that indicates to which slave
station a transmission right is preferentially given when a
load of transmission requests of slave stations increases and
a number-of-transmittable-frames “0” setting-station storing
unit 28 that stores the number-of-transmittable-frames “0”
setting station 210 in the token frame 200 when a load of
transmission requests of the slave stations increases. The
token-frame processing unit 23 determines whether or not a
load of transmission requests of the slave stations has
increased according to whether or not the number of trans-
mittable frames 209 in the token frame 200 is “0”.

The changed destination information during priority pro-
cessing stored in the changed-destination-information-dur-
ing-priority-processing storing unit 27 is set to a slave
station having an earliest token circulation turn among slave
stations with a priority level set highest in a logical ring
(token circulation order). The priority levels of the slave
stations have been set in advance according to types of the
slave stations or set by a user.

FIG. 11 is a schematic diagram of a relation between
station numbers and sequence numbers of communication
nodes included in a communication system. The station
numbers are information arbitrarily set by the user to
uniquely identify the communication nodes of the commu-
nication system. The sequence numbers are numbers that
indicate order of arrangement of the slave stations with the
master station A set as a reference in the logical ring as
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explained in the first embodiment. The master station A
stores the station numbers and the sequence numbers in
association with each other in, for example, the token
circulation order information of the token-circulation-order-
information storing unit 22. Information concerning a pri-
ority level of a communication node having which station
number is to be set high by the user is stored in the
changed-destination-information-during-priority-processing
storing unit 27 as changed destination information during
priority processing. For example, if a priority level of the
slave stations C and E is the highest, the slave station C is
selected as the changed destination information during pri-
ority processing. This is because, by selecting the slave
station C, a token frame circulates to the slave station E
having the high priority level in a later logical ring. Infor-
mation concerning the station numbers set in the commu-
nication nodes is acquired from the communication nodes
during logical ring configuration processing by the logical-
ring configuring unit 21, whereby the relation shown in FIG.
11 can be obtained as association between the station
numbers and the sequence numbers of the communication
nodes.

When the token-frame processing unit 23 receives the
token frame 200 and the number of transmittable frames of
the received token frame is “0”, the token-frame processing
unit 23 stores, in the number-of-transmittable-frames “0”
setting-station storing unit 28, a value of the number-of-
transmittable-frames “0” setting stations stored in the token
frame 200 and sets, in the transmission permitted station
value of the token frame 200, the changed destination
information during priority processing stored in the
changed-destination-information-during-priority-processing
storing unit 27. When the token-frame processing unit 23
receives the token frame 200 in which the transmission right
acquiring apparatus information is set to the own station in
a state in which the number-of-transmittable-frames “0”
setting station is stored in the number-of-transmittable-
frames “0” setting-station storing unit 28, the token-frame
processing unit 23 generates the token frame 200 in which
the number-of-transmittable-frames “0” setting station
stored in the number-of-transmittable-frames “0” setting-
station storing unit 28 is set in the transmission permitted
station value and erases information in the number-of-
transmittable-frames “0” setting-station storing unit 28.

Components same as those explained in the first and
second embodiments are denoted by the same reference
numerals and signs and explanation of the components is
omitted. The configuration of the slave station is the same as
that explained in the first and second embodiments. There-
fore, explanation of the configuration is also omitted.

A processing procedure by the master station for giving a
data transmission right to a slave station desired to be given
priority is explained below. FIGS. 12-1 and 12-2 are flow-
charts for explaining an example of a processing procedure
for a token frame of the master station according to the third
embodiment. First, as at steps S71 to S73 explained with
reference to FIG. 6 in the first embodiment, the token-frame
processing unit 23 of the master station transfers the token
frame 200 in which the transmission right acquiring appa-
ratus information 206 does not indicate the own station
(steps S151 to S153).

In the case of the token frame 200 in which the transmis-
sion right acquiring apparatus information 206 indicates the
own station, the token-frame processing unit 23 determines
whether information is stored in the number-of-transmit-
table-frames “0” setting-station storing unit 28 (step S154).
When information is not stored in the number-of-transmit-
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table-frames “0” setting-station storing unit 28 (No at step
S154), the token-frame processing unit 23 recognizes that
the last circulation of the token frame 200 is not processing
for causing a communication node having a high priority
level to perform transmission of data (hereinafter referred to
as processing of a priority mode) and the token frame 200
for equally giving the data transmission right to the com-
munication nodes in the communication system explained in
the first and second embodiments has been issued. There-
fore, subsequently, the token-frame processing unit 23 deter-
mines whether the number of transmittable frames 209 in the
token frame 200 is “0” (step S155).

When the number of transmittable frames 209 is not “0”
(No at step S155), the token-frame processing unit 23
determines that a load of transmission requests of the
communication nodes included in the communication sys-
tem has not increased. Thereafter, the token-frame process-
ing unit 23 sets the number of transmittable frames to a value
set in advance (step S156). The data-frame-communication
processing unit 24 transmits a frame in the transmission
buffer 25 (step S157). The token-frame processing unit 23
sets, in the number of transmittable frames 209 of the token
frame 200, a value obtained by subtracting the number of
frames transmitted at step S157 from the number of trans-
mittable frames set at step S156 (step S158). The token-
frame processing unit 23 resets “1” in the token repeat
counter 207 (step S159) and sets “0” in the transmission
permitted station value 208 of the token frame 200 (step
S160). The token-frame processing unit 23 sets a commu-
nication node conforming to the token circulation order
information in the transmission right acquiring apparatus
information 206 (step S175) and transmits the token frame
200 (step S176) and the processing ends.

On the other hand, when the number of transmittable
frames is 0 at step S155 (Yes at step S155), the token-frame
processing unit 23 determines that a load of transmission
requests of the communication nodes included in the com-
munication system has temporarily increased. Thereafter,
the token-frame processing unit 23 sets the number of
transmittable frames to a value set in advance (step S171)
and resets “1” in the token repeat counter 207 (step S172).
The token-frame processing unit 23 stores, in the number-
of-transmittable-frames “0” setting-station storing unit 28,
the number-of-transmittable-frames “0” setting station 210
in the received token frame 200 (step S173) and sets, in the
transmission permitted station value 208, a value stored in
the changed destination information during priority process-
ing of the changed-destination-information-during-priority-
processing storing unit 27 (step S174). Thereafter, the pro-
cessing at step S175 and subsequent steps is performed.

When information is stored in the number-of-transmit-
table-frames “0” setting-station storing unit 28 at step S154
(Yes at step S154), the master station recognizes that the
processing in the priority mode was performed at the time of
the last circulation of the token frame 200. Therefore, the
token-frame processing unit 23 of the master station sets the
number of transmittable frames to a value set in advance
(step S181). The data-frame-communication processing unit
24 transmits a frame in the transmission buffer 25 (step
S182). The token-frame processing unit 23 sets, in the
number of transmittable frames 209 of the token frame 200,
a value obtained by subtracting the number of frames
transmitted at step S182 from the number of transmittable
frames set at step S181 (step S183). The token-frame
processing unit 23 resets the token repeat counter 207 in the
token frame 200 to “1” (step S184), sets, in the transmission
permitted station value 208, the number-of-transmittable-
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frames “0” setting station stored in the number-of-transmit-
table-frames “0” setting-station storing unit 28 (step S185),
and sets a communication node conforming to the token
circulation order information in the transmission right
acquiring apparatus information 206 (step S186). The token-
frame processing unit 23 transmits the token frame 200 in
which the various kinds of information in the data 204 have
been set as explained above (step S187). At this point, the
token-frame processing unit 23 erases the number-of-trans-
mittable-frames “0” setting station stored in the number-of-
transmittable-frames “0” setting-station storing unit 28.
Consequently, the processing ends.

A specific example of transmission processing for a token
frame according to the third embodiment is explained below.
FIGS. 13-1 to 13-5 are schematic diagrams of an example of
the transmission processing for a token frame according to
the third embodiment. This communication system is con-
figured by connecting one master station A and three slave
stations B to D via the switching hub 101. It is assumed that
token circulation order has been determined as indicated by
(2) below by the logical-ring configuring unit 21 of the
master station A. It is assumed that, after the master station
A notifies the slave stations B to D of information concern-
ing the token circulation order indicated by (2) below (token
circulation destination information), the token frame 200
circulates in the communication system according to the
token circulation order.

Master station A—slave station B—slave station
C—sslave station D—>master station A

@

It is assumed that a priority level of data transmitted from
the slave station B is high and “2”, which indicates the slave
station B as the changed destination information during
priority processing is set in the changed-destination-infor-
mation-during-priority-processing storing unit 27. It is
assumed that the reception buffer 26 of the master station A
can store up to six frames.

First, as shown in FIG. 13-1, the slave station C has
acquired a transmission right in which the number of trans-
mittable frames is “3” and transmits the frames F1 to F3
among the transmission waiting frames F1 to F5 of the
transmission buffer 64. The slave station C transmits the
token frame 200 in which the number of transmittable
frames has been set to “0”, the number-of-transmittable-
frames “0” setting station 210 has been set to “2”, which is
a sequence number of the own station, the token repeat
counter has been set to “3”, and the transmission right
acquiring apparatus information has been set to the slave
station D. The slave station C stores, as un-transmitted
frames at the time of number of transmittable frames “0”
setting, the frames F4 and F5 in the transmission buffer 64
that were not able to be transmitted.

Subsequently, as shown in FIG. 13-2, the slave station D
acquires the transmission right as explained in the first
embodiment. However, the slave station D cannot transmit
the un-transmitted frames F6 and F7 in the transmission
buffer 64. Therefore, the slave station D transmits the token
frame 200 in which the token repeat counter 207 has been set
to “4” and the transmission right acquiring apparatus infor-
mation has been set to the master station A. The slave station
D stores, as un-transmitted frames at the time of last token
reception, the frames F6 and F7 in the transmission buffer 64
that have not been able to be transmitted.

It is assumed that, at a point immediately after the token
frame 200 in which the transmission right acquiring appa-
ratus information has been set to the master station A is
transmitted from the slave station D, in the slave station B,
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it is entered from the application layer to the data link layer
to transmit six frames F8 to F13 to the master station A and
these frames F8 to F13 are stored in the transmission buffer
64 in order as transmission waiting frames. Further, it is
assumed that, in the slave station C, it is entered from the
application layer to the data link layer to transmit two frames
F14 and F15 to the master station A and these frames F14
and F15 are stored in the transmission buffer 64 in order as
transmission waiting frames. It is assumed that, at this point,
in the master station A, data is stored in the reception buffer
26 to the full storage capacity by the frames F1 to F3
received from the slave station C.

In such a state, when the token-frame processing unit 23
of the master station A receives the token frame 200 in which
the transmission right acquiring apparatus information has
been set to the own station, the token-frame processing unit
23 checks whether information is stored in the number-of-
transmittable-frames “0” setting-station storing unit 28. It is
assumed that information is not stored in the number-of-
transmittable-frames “0” setting-station storing unit 28.
Thereafter, the token-frame processing unit 23 further
checks the number of transmittable frames in the token
frame 200. Because the number of transmittable frames is
“0”, the token-frame processing unit 23 shifts to the priority
mode for preferentially transmitting data of the slave station
B set in advance in the changed destination information
during priority processing of the changed-destination-infor-
mation-during-priority-processing storing unit 27.

As shown in FIG. 13-3, the master station A stores, in the
number-of-transmittable-frames “0” setting-station storing
unit 28, the number-of-transmittable-frames “0” setting sta-
tion 210 in the received token frame 200. Subsequently, the
master station A transmits the token frame 200 in which the
number of transmittable frames is set to the value “6” set in
advance in the communication system, the token repeat
counter has been reset to “1”, the transmission permitted
station value has been set to the value “1” (=the slave station
B) stored in the changed destination information during
priority processing, and the slave station B has been set in
the transmission right acquiring apparatus information.

Thereafter, the slave station B receives the token frame
200 in which the transmission right acquiring apparatus
information 206 has been set to the own station and com-
pares the value of the token repeat counter 207 in the token
frame 200 and the transmission permitted station value 208.
Because the token repeat counter “1”=the transmission
permitted station value “1”, the slave station B recognizes
that the transmission right has been obtained.

As shown in FIG. 13-4, the slave station B transmits the
six frames F8 to F13 within a range specified by the number
of transmittable frames among the transmission waiting
frames stored in the transmission buffer 64. Thereafter, the
slave station B transmits the token frame 200 in which the
token repeat counter has been incremented by one to “2”, the
number of transmittable frames has been set to “0”, and the
transmission right acquiring apparatus information has been
set to the slave station C. It is assumed that, while data is
transmitted in the priority mode, even if the number of
transmittable frames is “0”, setting (writing) in the number-
of-transmittable-frames “0” setting station in the token
frame 200 is not performed.

In the method in the first embodiment, the master station
A sets the information in the data of the token frame 200 to
give the priority right to the slave station C set in the
number-of-transmittable-frames “0” setting station in FIG.
13-2. However, in the third embodiment, when the number
of processable frames of the reception buffer 26 of the
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master station A is “0”, the transmission right is given to the
slave station B stored in the changed-destination-informa-
tion-during-priority-processing storing unit 27.

Subsequently, the token frame 200 circulates to the slave
stations C and D in order. However, because the number of
transmittable frames is “0” in both the slave stations C and
D, a data frame cannot be transmitted. As shown in FIG.
13-5, the slave station D transmits the token frame 200 in
which the token repeat counter has been set to “4”, the
number of transmittable frames has been set to “0”, and the
transmission right acquiring apparatus information has been
set to the master station A.

Thereafter, as shown in FIG. 13-5, the master station A
receives the token frame 200 in which the transmission right
acquiring apparatus information has been set to the own
station and checks whether information is stored in the
number-of-transmittable-frames “0” setting-station storing
unit 28. Because information has been stored, the token-
frame processing unit 23 of the master station A sets, in the
transmission permitted station value of the token frame 200,
the value “2” stored in the number-of-transmittable-frames
“0” setting-station storing unit 28. The token-frame process-
ing unit 23 generates and transmits the token frame 200 in
which the token repeat counter has been reset to “1”, the
number of transmittable frames is set to “6”, and “1”
indicating the slave station B has been set in the transmission
right acquiring apparatus information. When generation
processing for the token frame 200 ends, the token-frame
processing unit 23 erases the information stored in the
number-of-transmittable-frames “0” setting-station storing
unit 28.

Thereafter, processing same as the processing explained
in the first embodiment is performed. Specifically, first, the
transmission right is given to the slave station C, the frames
F4 and FS stored as un-transmitted frames at the time of
number of transmittable frames “0” setting in the transmis-
sion buffer 64 are transmitted, and the frames F6 and F7
stored as un-transmitted frames at the time of last token
reception in the transmission buffer 64 of the slave station D
are transmitted.

In the example explained above, a load of communication
requests of the slave stations temporarily increases. How-
ever, the processing explained above is not performed only
in this case. It is also possible to execute the same processing
for shifting the communication system to the same priority
mode, for example, when reception processing of the master
station has been deteriorated.

According to the third embodiment, when the number of
transmittable frames of a received token frame is “0”, the
transmission right is given to a slave station having a high
priority level set in advance, contents of the number-of-
transmittable-frames “0” setting station 210 are temporarily
stored, and the transmission right is not given to the slave
stations set in the number-of-transmittable-frames “0” set-
ting station 210. As a result, there is an effect that it is
possible to transmit, while maintaining real-time properties,
data of the slave stations that need to frequently transmit
data to the master station.

Fourth Embodiment

In a fourth embodiment, another method of giving a
transmission right to a slave station having the highest
priority level among slave stations in a communication
system when the number of transmittable frames of a
received token frame is “0”.
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FIG. 14 is a diagram of an example of a format of a token
frame used in the fourth embodiment. In this token frame
200, the transmission permitted station value 208 shown in
FIG. 3 includes a start transmission permitted station value
208a and an end transmission permitted station value 2085
for specifying a range on a logical ring of the slave stations
that are caused to preferentially perform data transmission.
Specifically, when the number of transmittable frames of the
received token frame is “0” and the communication system
shifts to the priority mode, the start transmission permitted
station value 208q indicates a sequence number of a first
communication node to which the transmission right is
preferentially given among communication nodes on the
logical ring. The end transmission permitted station value
2085 indicates a sequence number of the last communication
node to which the transmission right is preferentially given
among the communication nodes on the logical ring. As a
result, among the communication nodes on the logical ring,
communication nodes from the communication node having
the sequence number of the start transmission permitted
station value 208a to the communication node having the
sequence number of the end transmission permitted station
value 2085 obtain the transmission right and perform trans-
mission of data frames.

The configuration of the master station is different from
the configuration in the third embodiment in that changed
destination information during priority processing including
a start transmission right permitted station value and an end
transmission right permitted station value in shifting to the
priority mode is stored in the changed-destination-informa-
tion-during-priority-processing storing unit 27. Otherwise,
the configuration of the master station is the same as the
configuration in the third embodiment. Therefore, explana-
tion of the configuration is omitted.

The configuration of the slave station is different from the
configurations in the first to third embodiments in that, after
the token-frame processing unit 62 receives the token frame
200 in which the transmission right acquiring apparatus
information 206 indicates the own station, the token-frame
processing unit 62 determines whether a value of the token
repeat counter 207 is equal to or larger than the start
transmission permitted station value 2084 and equal to or
smaller than the end transmission permitted station value
2085. Otherwise, the configuration of the slave station is the
same as the configuration in the first to third embodiments.
Therefore, explanation of the configuration is omitted.

A communication method in the communication system
in such a configuration is the same as the communication
method explained in the third embodiment. Therefore,
explanation of the communication method is also omitted.

According to the fourth embodiment, when the number of
transmittable frames of the received token frame is “0”, a
start sequence number and an end sequence number on the
logical ring of the communication nodes desired to be
caused to preferentially transmit data are designated. There-
fore, there is an effect that it is possible to cause a set of
arbitrarily selected communication nodes on the logical ring
to preferentially transmit data. The data transmission pro-
cessing in shifting to the priority mode is performed only by
the communication nodes in the range set by the start
transmission permitted station value and the end transmis-
sion permitted station value. Therefore, compared with the
third embodiment, it is possible to reduce processing per-
formed while the token frame circulates once.

In the third and fourth embodiments, a priority-process-
ing-information setting unit can be provided in the master
station. A slave station input by a user and desired to be
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given priority can be set in the changed-destination-infor-
mation-during-priority-processing storing unit 27. Conse-
quently, it is possible to perform, according to an occurred
event, control of the transmission right of the slave station
desired to be given priority.

In the first to fourth embodiments, the size of a frame
transmitted by a communication node that has obtained the
transmission right is not specifically limited. However, it is
also possible to set the master station to transmit only frames
equal to or shorter than predetermined length. When a frame
longer than the set predetermined length is transmitted, data
only has to be divided into transmittable length in a layer
higher than the data link layer. When the data is received, a
receiving side only has to collect the divided data into one.

Fifth Embodiment

The communication system according to the first to fourth
embodiments can be applied to, for example, an FA network
(an FA system) including a control target apparatus and a
control apparatus such as a programmable controller that
performs a predetermined arithmetic operation using a state
of the control target apparatus as input data, and outputs an
operation condition for the control target apparatus as output
data.

In the FA network, synchronous data (cyclic data) always
transmitted from communication nodes at the time of token
frame reception and asynchronous data (un-cyclic data) that
do not have to be periodically transmitted because real-time
properties are not regarded as important coexist. Examples
of the synchronous data include control data such as data for
a master station to control slave stations and data acquired
by the slave stations necessary for an arithmetic processing
by the master station. Examples of the asynchronous data
include data such as a control log of the slave stations.

In such a network, the functions explained in the first to
fourth embodiments do not have to be applied to all data
transmitted in the communication system. Specifically,
when a communication node receives a token frame in
which the own station is set in transmission right acquiring
apparatus information, the communication node always
transmits the synchronous data and transmits the asynchro-
nous data according to the method explained in the first to
fourth embodiments.

In this case, it is sufficient that a flag for determining
whether a frame is a synchronous frame or an asynchronous
frame (an asynchronous frame determining flag) is provided
in the frame, a communication node that has acquired the
transmission right reads asynchronous frame determining
flag information of the frame, applies the first to fourth
embodiments only to the asynchronous frame, and always
transmits the synchronous frame when the transmission right
is acquired.

According to the fifth embodiment, there is an effect that
it is possible to change, according to the importance of data,
a target for which real-time properties are secured.

The communication methods in the master station and the
slave station can be realized by executing computer pro-
grams, in which processing procedures of the respective
communication methods are written, with a computer such
as a programmable controller or a personal computer having
a CPU (central processing unit). In this case, the CPU
(control means) of the computer executes the processing
steps of the communication methods explained above
according to the computer programs. These computer pro-
grams are recorded in a computer-readable recording
medium such as a hard disk, a floppy (registered trademark)
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disk, a CD (Compact Disk)-ROM (Read Only Memory), an
MO (Magneto-Optical disk), or a DVD (Digital Versatile
Disk or digital Video Disk) and executed by being read out
from the recording medium by the computer. These com-
puter programs can also be distributed via a network (a
communication line) such as the Internet.

Further, the master station can be a communication man-
agement circuit in which the processing units described in
the embodiments are realized by a circuit that executes
processing according to the processing procedure explained
above. Similarly, the slave circuit can also be a communi-
cation circuit in which the processing units described in the
embodiments are realized by a circuit that executes process-
ing according to the processing procedure explained above.

Furthermore, the master station can also be an LSI (Large-
Scale Integration) in which the processing units described in
the embodiments are manufactured to execute processing
according to the processing procedure. Similarly, the slave
station can also be an LSI in which the processing units
described in the embodiments are manufactured to execute
processing according to the processing procedure.

INDUSTRIAL APPLICABILITY

As explained above, the communication management
apparatus according to the present invention is useful for a
communication apparatus that manages a data transmission
right in a network system connected by an Ethernet in which
real-time properties of data communication is requested.

The invention claimed is:

1. A communication management apparatus that manages
transmission of data in a network in which one communi-
cation management apparatus and one or more communi-
cation apparatuses are connected by an Ethernet cable, the
communication management apparatus comprising:

a token-circulation-order storing unit that stores token
circulation order for circulating a token frame in the
network;

a token-frame receiving unit that receives a token frame
and determines whether transmission right acquiring
apparatus information for acquiring a transmission
right next in the received token frame indicates the
communication management apparatus;

a token-frame transmitting unit that transmits the token
frame in which:

a first transmission right acquisition determination infor-
mation indicating sequence numbers of one or more
communication apparatuses that can acquire the trans-
mission right in the token circulation order is set,

a second transmission right acquisition determination
information indicating a specific number of frames that
can be transmitted while the token frame circulates
once from the communication management apparatus
is set, wherein the specific number is variable based on
subtracting a number of transmitted data frames from a
previously set number of transmittable frames, and

transmission right acquiring apparatus information that
indicates a next transmission destination of the token
frame, after the communication management appara-
tus, acquired from the token circulation order is set; and

a data-frame-communication processing unit that per-
forms reception processing for data frames from other
communication nodes and, when the transmission right
is acquired, converts data stored in the communication
management apparatus into a first set of data frames in
frame unit and transmits one or more of the data frames
in the first set of data frames,
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wherein:

the first transmission right acquisition determination
information comprises:

a token circulation number indicating a first sequence
number counted from the communication management
apparatus in the token circulation order of a commu-
nication apparatus set in the transmission right acquir-
ing apparatus information, and

a transmission permitted station value indicating a second
sequence number in the token circulation order of a
communication apparatus that can transmit a data
frame; and

the token-frame transmitting unit sets “1” in the token
circulation number and sets, in the transmission per-
mitted station value, a value corresponding to informa-
tion in the received token frame.

2. The communication management apparatus according
to claim 1, wherein the token-frame transmitting unit sets,
when the second transmission right acquisition determina-
tion information of the received token frame is not “0”, <0~
indicating a third sequence number of the communication
management apparatus in the transmission permitted station
value.

3. The communication management apparatus according
to claim 1, wherein

in the received token frame, when the second transmis-
sion right acquisition determination information is “0”
and the number of transmittable frames “0” setting
station information, which indicates a communication
apparatus that sets the second transmission right acqui-
sition determination information to “07, is set,

the token-frame receiving unit does not give a transmis-
sion instruction for a data frame to the data-frame-
communication processing unit, and

the token-frame transmitting unit sets the number of
transmittable frames “0” setting station information in
the transmission permitted station value of the token
frame.

4. The communication management apparatus according
to claim 3, further comprising a changed-destination-infor-
mation-during-priority-processing storing unit that stores,
according to occurrence of an event set in advance, a third
sequence number of a communication apparatus to which
the transmission right is preferentially given, wherein

the token-frame transmitting unit sets, when the event
occurs, the third sequence number stored in the
changed-destination-information-during-priority-pro-
cessing storing unit in the transmission permitted sta-
tion value.

5. The communication management apparatus according
to claim 1, further comprising a reception buffer that tem-
porarily stores, in frame unit, a first data frame received from
a reception port until the first data frame is subjected to
reception processing by the data-frame-communication pro-
cessing unit, wherein

the token-frame transmitting unit sets, as the second
transmission right acquisition determination informa-
tion, a number of frames that can be stored in the
reception buffer.

6. A communication apparatus that acquires, in a network
in which one communication management apparatus and
one or more communication apparatuses are connected by
an Ethernet cable, a token frame circulated according to a
token circulation order determined by the communication
management apparatus and performs transmission of data,
the communication apparatus comprising:
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a token-circulation-destination-information storing unit
that stores token circulation destination information
including a communication node that transmits the
token frame next;

a token-frame receiving unit that receives a token frame
that determines whether transmission right acquiring
apparatus information indicating a communication
node that acquires a transmission right next in the
received token frame indicates the communication
apparatus and determines, when the transmission right
acquiring apparatus information indicates the commu-
nication apparatus, whether there is a transmission right
for data frames using first transmission right acquisition
determination information indicating sequence num-
bers of one or more communication apparatuses that
can acquire the transmission right in the token circu-
lation order in the token frame and second transmission
right acquisition determination information indicating a
specific number of transmittable frames at the time of
the token frame reception, wherein the specific number
is variable based on subtracting a number of transmit-
ted data frames from a previously set number of
transmittable frames;

a token-frame transmitting unit that transmits the token
frame in which the token circulation destination infor-
mation is set in the transmission right acquiring appa-
ratus information and a value obtained by subtracting,
when a data-frame-communication processing unit
transmits data frames, the specific number of the trans-
mitted data frames from the second transmission right
acquisition determination information at the time of the
token frame reception is set in the second transmission
right acquisition determination information;

a transmission buffer that stores, in frame unit, data
transmitted to other communication nodes; and

a data-frame-communication processing unit that per-
forms reception processing for data frames from the
other communication nodes and, when the transmission
right is acquired, converts the data stored in the trans-
mission buffer into a first set of data frames in frame
unit and transmits one or more of the data frames in the
first set of data frames,

wherein

the first transmission right acquisition determination
information comprises:

a token circulation number indicating a first sequence
number counted from the communication management
apparatus in the token circulation order of a commu-
nication apparatus set in the transmission right acquir-
ing apparatus information; and

a transmission permitted station value indicating a second
sequence number in the token circulation order of a
communication apparatus that can transmit a data
frame,

when the token-frame receiving unit receives the token
frame in which the transmission right acquiring appa-
ratus information indicates the communication appara-
tus, the token-frame receiving unit determines presence
or absence of the transmission right using the token
circulation number and the transmission permitted sta-
tion value, and

the token-frame transmitting unit sets, in the token circu-
lation number, the first sequence number of a commu-
nication apparatus corresponding to the token circula-
tion destination information.

7. The communication apparatus according to claim 6,

wherein the token-frame transmitting unit sets, as a new
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version of the token circulation number, the token circula-
tion number of the received token frame incremented by
one.
8. The communication apparatus according to claim 6,
wherein
when the token circulation number in the token frame is
equal to or larger than the transmission permitted
station value and the second transmission right acqui-
sition determination information is larger than “0”, the
token-frame receiving unit determines that the trans-
mission right has been acquired, and
the data-frame-communication processing unit transmits
a first data frame within a range of the second trans-
mission right acquisition determination information.
9. The communication apparatus according to claim 8,
wherein
the token frame further includes number of transmittable
frames “0” setting station information indicating a
communication node that sets the second transmission
right acquisition determination information to “0”, and
when the second transmission right acquisition determi-
nation information changes to “0” according to the
transmission of the first data frame by the data-frame-
communication processing unit, the token-frame trans-
mitting unit sets a value of the token circulation number
at the time of the token frame reception in the number
of transmittable frames “0” setting station information.
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